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V 
I. 
The Atlas-Centaur AC-3 vehicle (Atlas 135D, Centaur 1 C )  w a s  successfully 
launched at  0904:22.4 EST on June 30, 1964 from ETR Complex 36A. The mission 
object ives  ( see  11. 
premature switching of guidance computing mode and a hydraulic system f a i l u r e  
of the C-2 engine, which led t o  a premature second-stage propulsion cutoff ,  d i -  
l u t e d  the f l i gh t  test  success. 
i n  vehicle i n s t a b i l i t y  and f a i l u r e  t o  achieve orb i t ;  .consequently, the  qua l i ty  
of a planned boost-pump experiment under coasting conditions w a s  markedly re- 
duced. 
INTRODUCTION) were substant ia l ly  sa t i s f i ed ;  however, a 
The ear ly  loss of controlled propulsion resu l ted  
The launch of AC-3 was delwed once f o r  4 minutes and 15 seconds about - -
& minutes before scheduled l i f t - o f f .  
liquid-oxygen temperature tha t  was higher than desired. 
p a r t i d  draining and topping off  of the  liquid-oxygen tank. 
of the f l igh t -vehic le  and the  ground-support systems was demonstrated. 
This d e l w  was a r e s u l t  of an Atlas 
2 
It was corrected by 
The compatibil i ty 
%?ne a c t u a l s f l i g h t  path Qn+;il premature Centaur engine cutoff was s l i g h t l y  
higher than that  predicted as a r e s u l t  of a b o o s t e r  t h r u s t  t o  weight r a t i o  
higher than that expected. This increased booster performance alao resu l ted  i n  
booster engine cutoff,  an accelerat ion induced s ignal ,  which occurred 2.0 sec- 
onds ahead of schedule. A l l  subsequent vehicle d i scre tes ,  which were time pro- 
gramed, a l so  occurred about 2 seconds ea r l i e r  than predicted. 
mature Centaur propulsion cutoff the  upper stage impacted i n  the  Atlant ic  Ocean. 
The performance of both the Atlas and Centaur s tage propulsion systems, as mea- 
sured by engine parameters, was well w i t h i n  specif icat ions.  
l a n t  u t i l i z a t i o n  system malfunctioned during the first 70 seconds of f l i gh t  
producing a LOX-rich mixture t o  t h e  sustainer engine. The subsequent re turn  of 
t h i s  system t o  normal. operation averted any severe e f f ec t  of t he  malfunction on 
the  achievement of vehicle f l i g h t  objectives. 
d rau l i c  system about 5.1 seconds after MES resulted i n  loss of adequate vehicle  
control. 
l e v e l s  i n  the  Centaur tanks resul ted i n  LOX s ta rva t ion  of the  RL-10 engines and 
premature cutoff at about main engine s t a r t  plus 254.1 seconds. Lack of LH2 a t  
the boost-pump i n l e t  and nontypical vehicle motion p r i o r  t o  and during the 
boost-pump experiment greatly reduced i t s  significance. 
Following pre- 
The Atlas propel- 
Fa i lure  of the C-2 engine hy- 
Subsequently, a combination of vehicle r o l l  and reduced propellant 
The AC-3 f l i gh t  was the i n i t i a l  attempt t o  j e t t i s o n  the LH2 tank insula-  
t i o n  and the vehicle nose fa i r ing .  
complished as scheduled. There was no evidence of panel freezing;, which had 
been a problem during ground tes t ing .  
f ac to r i ly .  External and internal.  environments of the propellant tanka were nom- 
i n a l  o r  less severe than predicted. Following the  premature engine cutoff ,  when 
the  vehicle  motion was uncontrolled, variations i n  t he  LH2 tank environment 
occurred that  a r e  not c lear ly  understood. 
Both of these events were successfully ac- 
Propellant system valves operated e a t i s -  
1 
Separation of t he  Atlas booster engines and t h e  A t l a s  and Centaur stages 
The eight  re t rorockets  used i n  the  l a t t e r  was accomplished without incident. 
instance f i r e d  successfully on schedule. 
S t ruc tu ra l  i n t e g r i t y  of a l l  systems w a s  maintained throughout t h e  f l i g h t .  
Actual s t r u c t u r a l  loads and vibrat ion leve ls  were well below the  values f o r  
which they were designed. 
The Atlas and Centaur f l i g h t  control systems operated s a t i s f a c t o r i l y  even 
during t h e  unscheduled portion of t h e  f l i gh t .  
successful ly  during the  r e l a t ive ly  normal portion of t he  f l i g h t  ( t o  premature 
engine cu tof f )  except f o r  a computational e r ro r  at  about 203 seconds after 
l i f t  -off. 
The guidance system operated 
The vehicle e l e c t r i c a l ,  telemetry, range safety C-band, and instrumenta- 
t i o n  systems operated successfully over t h e  e n t i r e  f l i g h t .  
f a i l e d  38.5 seconds after launch resul t ing i n  a loss  of all precis ion t racking 
measurements. 
The Azusa system 
A schematic diagram depicting some of t h e  events i n  t a b l e  1-1 is  presented 
i n  f igu re  1-1. 
Atlas-Centaur. 
I n  addition, f igures  1-2 and 3 i l l u s t r a t e  t h e  geometry of t h e  
2 
TABLE 1-1. - SEQUENCE OF PFUMAFZY EVENTS 
Events 
Atlas ign i t ion  s igna l  
L i f  -off  (2-in. motion) 
Booster j e t t i s o n  
Jet t ison LH2 insu la t ion  panels 
J e t t i s o n  nose f a i r i n g  ( thrust  
SECO 
F i r s t  Centaur BPS 
Atlas VECO 
Atlas-Cer,+,mr separa%ion 
Retrorocket firing 
Centaur a t t i tude engine on 
Enable vehicle cont ro l  (vector 1) 
Centaur prestart 
Disable vehicle control 
Centaur MES 
Att i tude  engines o f f  
Enable vehicle  control  (vector 1) 
Admit vector  2 
Premature engi e cutoff 
Centaur a t t i t u d e  engines on 
Second Centaur BFS 
Boost pumps off 
Centaur a t t i t u d e  engines o f f  
BEC $ 
command) 
Programed MECO a 
'redi c t  ed 
time , 
sec 
-2.35 
0 
'149.8 
152.8 
179.8 
204.8 
228.4 
228.5 
233.4 
234.4 
234.5 
234.4 
234.4 
244.4 
244.4 
244.4 
248.4 
434.4 
621.4 
621.4 
680.4 
730.4 
730.4 
236.4 
Actual 
t i m e ,  
sec 
a-2. 4 
0 
'147.8 
'150.8 
'177.6 
'202.6 
" 226.2 
'226.3 
'231.2 
'232.1 
'232.2 
'232.2 
'234.2 
'242.2 
a242. 2 
'242.2 
a246. 2 
a432. 2 
'496.3 
'619.2 
&619.2 
&678.0 
&728.2 
&728.2 
- 
' 2 3 2 .  1 
a C o m n d  signal.  
b A l l  abbreviations are defined i n  appendix A. 
CMeasured event. 
dBoost pumps off.  
3 
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11. INTRODUCTION 
The Atlas-Centaur is  e s sen t i a l ly  a two and one-half s tage  vehicle  whose 
operat ional  purpose i s  t o  place a Surveyor payload on a luna r  i n t e rcep t  of t h e  
Moon. The AC-3 was t h e  t h i r d  i n  a s e r i e s  of research and development f l i g h t s .  
The AC-1 f l i g h t  failed shor t ly  after l i f t - o f f  (ref. 1). The AC-2 f l i g h t  placed 
t h e  upper stage i n  o r b i t  and was essent ia l ly  a complete success (data obtained 
by GD/A; rept .  no. 63-1237). The purpose of AC-3 was t o  demonstrate and ve r i fy  
t h e  information from AC-2, and i n  addition, t o  prove t h e  a b i l i t y  of t he  Centaur 
nose f a i r i n g  and insu la t ion  t o  perform and j e t t i s o n  properly. 
f l i g h t  ob jec t ive  was t o  obtain data on the f e a s i b i l i t y  of r e s t a r t i n g  t h e  boost 
I 
I 
I pumps without burp pressurizat ion.  
A secondary 
~ 
The primary spec i f i c  f l i g h t  objectives were: 
(1) To ve r i fy  t h e  s t r u c t u r a l  i n t eg r i ty  of the A t l a s  and Centaur vehicles  
during all powered phases of f l i g h t  
( 2 )  To demonstrate t h e  s t r u c t u r a l  and thermal i n t e g r i t y  of t h e  Centaur 
(3) To demonstrate t h e  sa t i s f ac to ry  performance of t h e  insu la t ion  panel 
nose f a i r i n g  and insu la t ion  panels 
and nose-fairing j e t t i s o n  systems 
(4) To ve r i fy  t h e  s a t i s f a c t o r y  operation of t h e  Atlas-Centaur separat ion 
system 
(5) To demonstrate t he  i n t e g r i t y  of the guidance system 
(6 )  To obtain data on t h e  measuring accuracy of t h e  guidance system 
( 7 )  To ver i fy  t h e  a b i l i t y  of t h e  Centaur propulsion system t o  start i n  the  
f l i g h t  environment and burn f o r  t h e  programed dura t ion  
(8) To obtain data on t h e  launch-on-time capabi l i ty  ( f ixed  launch azimuth) 
of t h e  Atlas-Centaur 
The secondary f l i g h t  object ives  were: 
(1) To ver i fy  t h a t  t h e  guidance equations and associated t r a j e c t o r y  
parameters are sa t i s f ac to ry  
( 2 )  ~o e ~ ~ ~ i n  CI&XL on the f e a s r b i l i t y  of operating the boost pimps after 
MECO without burp pressurizat ion of t h e  propel lant  tank u l lages  
(3)  To demonstrate t h a t  the f l i g h t  control system suppl ies  t h e  proper s ig -  
n a l  f o r  a t t i t u d e  control  and dynamic s t a b i l i t y  of t h e  Centaur vehicle 
a. 7 
(4) To obtain data on the  performance of t h e  Centaur main engine system, 
the H202 vernier and a t t i tude-cont ro l  system, t h e  hydraulic system, 
the pneumatic system, the  e l e c t r i c a l  system, all Atlas systems, and 
radio-frequency systems, telemetry, Azusa, and C-band beacon 
(5) To obtain da ta  on the  f l i g h t  environment, including pressure, temper- 
ature, and vibrat ion l eve l s  
(6) To obtain data on the  o r b i t a l  environments, terminal behavior, and 
general postmission performance of vehicle systems u n t i l  loss  of a l l  
data l i nks  
The purpose of t h i s  report  i s  t o  summarize the  r e s u l t s  of the  AC-3 f l i g h t  
Subjects discussed include launch operations, t r a j ec to ry ,  propulsion, 
and present the  most per t inent  data as viewed by t h e  NASA Centaur Project O f -  
f i c e .  
propel lant  systems, vehicle separation, guidance, f l i g h t  control,  and elec- 
t r i c a l  systems. 
t u r e  engine cutoff and i t s  e f f ec t s  on propulsion parameters a r e  presented. Ma- 
jar event times f o r  use i n  conjunction with the  report  a r e  given ir, t a b l e  11-1. 
I n  addition, t h e  sequence of events leading up t o  the  prema- 
~ 
8 
TABLE 11-1. - MAJOR EVEN" TIMES FOR AC-3 FLIGHT 
Event 
Li f t -of f  (2-in. motion) 
BECO 
Booster separation 
J e t t i s o n  insu la t ion  panels  
J e t t i s o n  nose f a i r i n g  
SECO 
First BPS 
Atlas VECO 
A t l a s  -Centaur separat ion 
At t i tude  engine on (vector  1' 
MES 
Att i tude  engine off 
Admit  vector 2 
Premature engine cutoff 
Programed MECO 
Boost pumps off 
At t i tude  engine on 
Second BPS 
Boost pumps off 
At t i tude  engines of f  
Vehicle impact 
From 
l i f t -o f f  
0 
147.8 
150.8 
177.6 
202.6 
226.2 
226.3 
232.1 
232.2 
242.2 
242.2 
231.2 
432.2 
496.3 
619.2 
619.2 
619.2 
678.0 
728.2 
1267.0 
728.2 
Time, sec 
From 
first 
BFS 
0 
4.9 
5.8 
5.9 
15.9 
15.9 
205.9 
270.0 
392.9 
392.9 
392.9 
451.7 
501.9 
501.9 ----- 
From 
MES 
0 
0 
190.0 
254.1 
377.0 
377.0 
377.0 
435.8 
486.0 
486.0 ----- 
EST 
0904 : 22.4 
0906 :SO. 2 
0906:53.2 
0907: 20.0 
0907:45.0 
0908:08.6 
0908:08.7 
0908.13.6 
0908 : 14.5 
0908:14.6 
0908: 24.6 
0908: 24.6 
0911 : 34.6 
0912 : 38.7 
0914:41.6 
0914:41.6 
0915 : 40.4 
0916 : 30.6 
0925 : 29.0 
0914 : 41.6 
0916.30.6 
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III. LAUNCH OPERATIONS 
The Atlas-Centaur vehicle AC-3 was launched from Cape Kennedy on an a z i -  
muth of 100.5O from Complex 36A at  0900:04:22.4 a.m. EST on June 30, 1964. 
The countdown commenced at  3 a.m. EST on June 30, and only one hold w a s  
necessary. This occurred at  T - 2 minutes and 35 seconds because the  L O X t e m -  
perature  i n  t h e  Atlas w a s  exceeding t h e  desired l i m i t .  
LOX tank  and topping with colder oxidizer  reduced t h e  temperature t o  within 
red-l ine limits. 
P a r t i a l  draining of t h e  
The countdown was recycled t o  T - 5 minutes f o r  the ac t iv i ty .  
Launch events including preparations and countdown were as expected and 
demonstrated t h e  successful operation of the ground-support equipment i n  con- 
junction w i t h  the  vehicle. 
t h e  standard list. 
t h e  propel lant  weights at  l i f t - o f f  are i n  table 111-11. 
Pad damage was normal with refurbishing confined t o  
The AC-3 component weights are presented i n  table 111-1; 
PIiELAUNCH HISTORY 
Mating and t e s t i n g  of t h e  vehicle  stages progressed smoothly through qua- 
druple tanking when tests at Point Loma indicated a problem with the  i n f l i g h t  
j e t t i s o n  of t h e  insu la t ion  panels. 
tests were continued u n t i l  t a s k  def in i t ion  f o r  panel rework could be received. 
The panels were removed from t h e  tower and modifications were started i n  mid- 
April. 
Point  Loma tests. The modification ensured t h a t  i c i n g  of panels would not  be 
a j e t t i s o n  problem. Modifications and r e ins t a l l a t ions  were accomplished by 
June 3 i n  preparat ion f o r  a f l i g h t  control and quadruple tanking test. 
t e s t  had t o  be repeated t o  ensure system readiness because of t h e  elapsed t i m e .  
The AC-3 f l i g h t  w a s  delayed and vehicle  
Direct ion t o  incorporate panel rework was given as a r e s u l t  of t h e  
This 
The second f l i g h t  control  and quadruple tanking tes t  was not successful  be- 
cause of a guidance-computer malfunction and an explosion within t h e  LOX t rans-  
fe r  uni t .  Both were replaced and t h e  new un i t s  tested i n  preparation f o r  a 
rerun. 
Complex 36A was put i n t o  a launch condition following t h e  successful  com- 
p l e t ion  of t h e  t h i r d  f l i g h t  control  and quadruple tanking test. An erroneous 
gimbaling response of Yne C-2 engine necessi ta ted stopping F - 1 day a c t i v i t y  
on June 24. No problems were encountered on a recycle  and f i n a l  preparations 
were started June 26. This attempt ended prematurely at T - 2 hours when 
guidance-equipment malfunctions appeared. 
forms, platform e lec t ronics ,  and coupler was done p r i o r  t o  t h e  successful  
launch of June 30. 
Replacement of t h e  guidance p l a t -  
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Major Milestones 
Arr iva l  of Atlas booster 135D 
Erection of 135D 
Arrival  of Centaur vehicle  1 C  
Erect ion of Centaur vehicle  1 C  
Arr iva l  of i n t e r s t age  adapter 
Erection of i n t e r s t age  adapter 
Arr iva l  of insu la t ion  panels 
Arr iva l  of nose f a i r i n g s  
A/P and guidance in tegra ted  tes t  
F l igh t  control and propel lant  tanking test  
F l i g h t  acceptance composite test  
F l i g h t  control and propel lant  tanking tes t  
F l i g h t  acceptance composite t es t  
F l i g h t  control and propel lant  tanking test  
Attempted composite readiness t es t  
Composite readiness t es t  
Attempted launch 
Launch 
January 18 
January 27 
February 1 2  
February 20 
February 1 2  
February 19  
February 28 
March 2 
March 13 
March 1 9  
March 24 
June 5 
June 15 
June 18 
June 20 
June 22 
June 26 
June 30 
Countdown 
F - 2 Days 
Loading the A t l a s  with f u e l  
F - 1 Day 
Hydrogen peroxide loading followed by boost-pump and at t i tude-engine f i r i n g s  
Mechanical i n s t a l l a t i o n  of pyrotechnic devices 
Atlas and Centaur A/P ready test  
Atlas and Centaur range sa fe ty  command s e n s i t i v i t y  tests 
Atlas and Centaur ba t t e ry  i n s t a l l a t i o n  
Atlas and Centaur telemetry systems tests 
Helium b o t t l e  precharge 
F - 0 (Launch) Day 
Guidance alinement 
Atlas and Centaur range safe ty  command 
Tower removal 
Guidance autopi lot  in tegra ted  test 
Centaur LOX tanking 
Centaur f u e l  tanking 
Atlas LOX tanking 
Helium chilldown of Centaur engines 
des t ruc t  boxes i n s t a l l e d  
1 2  
S t a r t  t i m e  
- 340 min 
T - 240 min 
T - 120 min 
T - 110 min 
T - 70min 
T - 45 min 
T - 35 min 
T - 23 rnin 
Completion time 
T - 130 min 
T - 220 min 
T - 80min  
T -  80min  
T - 40 min 
T - 5 min 
T - 2 min 
T - 23 sec  
Centaur LOX topping 
Programer armed 
Guidance go i n e r t i a l  
Engine start automatic sequence 
T 10 min 
T 1 min 
T - 18.4 sec  
T 18 sec 
&r = o at  2-in. rise. 
aOSpHERIC CONDITIONS AND W E m R  
Conditions were not optimum f o r  op t ica l  t racking during launch. Marginal 
coverage was brought on by an eas t e r ly  f l o w  of cumulus clouds; however, ade- 
quate recording was secured by v i r t u e  of redundant systems. A t  T - 10 minutes, 
t h e  estimated coverage was reported as follows (da ta  obtained by Goddard; GLOR- 
100) : 
Lo cat ion 
Fa lse  Cape 
Pa t r i ck  AFB 
Cocoa Beach 
Vero Beach 
Cape Kennedy 
Recording equipment 
In te rcept  ground opt ica l  recording 
In te rcept  ground opt ica l  recording 
In te rcept  ground opt ica l  recording 
Recording o p t i c a l  tracking instrument 
Tracking cameras 
Theodolites cameras 
Complex 36A caneras 
Estimated coverage, 
percent 
20 
50 
25 
10 
80 
60 
100 
PROPEXLA" AND GAS USAGES 
The following propel lants  and gases were consumed during terminal  count- 
down of AC-3: 
(1) Air conditioning GN2. The payload area,  Centaur t h r u s t  sect ion,  and 
Atlas pod cooling air  was switched t o  GN2 a t  T - 79 minutes (7:30 EST) and flow 
continued t o  0921 EST: 
Tota l  gas ava i lab le  (including tank farm and 
1,428,330 
Tota l  gas used, s c f  . . . . . . . . . . . . . . . . . . . .  414,300 
Nominal GN2 flow rate, lb/min . . . . . . . . . . . . . . . . .  285 
augmented tube bank t r a i l e r s ) ,  scf . . . . . . . . . . .  
( 2 )  Thrust sec t ion  hea ter  GN2. The Atlas t h r u s t  sec t ion  hea ter  was 
switched t o  GN2 at  T - 10 minutes and ran u n t i l  0900:05 EST: 
Gas ava i lab le  (source of one tube bank trailer), scf . . . . .  34,200 
Tota l  gas used, sc f  . . . . . . . . . . . . . . . . . . . . . .  9580 
Actual flow, lb/min . . . . . . . . . . . . . . . . . . . . . . .  69 
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(3) F a c i l i t y  GN2 
Available GN2 from storage. sc f  . . . . . . . . . . . . . . .  61. 600 
GN2 used. scf  . . . . . . . . . . . . . . . . . . . . . . . .  37. 400 
Usage as a percent of avai lable .  percent . . . . . . . . . . . .  60.5 
(4)  Insulat ion panel purge helium 
Available supply (12  tube bank trailers). sc f  . . . . . . .  363. 000 
Helium used. sc f  . . . . . . . . . . . . . . . . . . . . . . .  75. 000 
This purge i s  switched from f a c i l i t y  GN2 at  T . 280 minutes and cycles 
between high and low flow (220 lb /hr  nominal t o  90 lb /hr  nominal) u n t i l  l i f t -  
off . 
because of purge requirements during detanking . An addi t ional  56. 100 scf  would have been used i n  t h e  event of an abort  
(5) LOX t r a n s f e r  . helium 
Helium supply ava i lab le  (3 tube bank trailers). scf . . . .  113. 500 
Helium used. scf  . . . . . . . . . . . . . . . . . . . . . . .  35. 400 
(6 )  Fac i l i t y  primary helium 
Available (2800-psig s t a r t i n g  and assumed 1500-psig 
minimum operating pressure).  sc f  . . . . . . . . . . . . . .  36. 800 
H e l i u m  used. scf . . . . . . . . . . . . . . . . . . . . . . .  11. 600 
( 7 )  F a c i l i t y  emergency helium 
Available (5850-psig s t a r t i n g  and assumed 3500-psig 
minimum operating pressure).  scf  . . . . . . . . . . . . . .  41. 900 
Helium used. scf . . . . . . . . . . . . . . . . . . . . . . .  20. 200 
(8) Engine chilldown l i q u i d  helium 
Storage M e  avai lable .  g a l  . . . . . . . . . . . . . . . . . . .  1020 
M e u s e d .  gal . . . . . . . . . . . . . . . . . . . . . . . . .  330 
(9 )  Liquid nitrogen 
Available LN2. g a l  . . . . . . . . . . . . . . . . . . . . . .  17. 000 
Approximate usage. g a l  . . . . . . . . . . . . . . . . . . . . .  4500 
(10) Hydrogen peroxide (HzOz) 
Quanti ty  tanked. l b  . . . . . . . . . . . . . . . . . . . . .  192.2 
(11) RP-1 ( fue l )  
Quant i ty  tanked. g a l  . . . . . . . . . . . . . . . . . . . . .  11. 436 
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. 
( 1 2 )  Liquid oxygen (LOX) 
LOX avai lab le  from storage. gal . . . . . . . . . . . . . . .  31. 600 
LOX used. gal . . . . . . . . . . . . . . . . . . . . . . . .  27. 750 
(13) Liquid hydrogen (LH2) 
LHz avai lab le  from storage. g a l  . . . . . . . . . . . . . . .  20. 200 
LH~used .  gal . . . . . . . . . . . . . . . . . . . . . . . . .  8300 
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TABLE 111-1. - AC-3 WEIGHTSa 
Component 
________- 
Centaur jettison 
Centaur expendables 
Equipment jettisoned during boost phase 
Total 
Less ground bolloff 
Centaur gross launch 
Weight, 
lb 
16,613 
18,051 
2,811 
37,475 
-293 
37,182 
Atlas sustainer jettison 
Booster jettison 
Atlas expendables 
Total 
12,474 
7,295 
241,044 
266,813 
Total 
Booster jettison breakdown 
- 1  
6151 
113 
b Y  
Unburned lubrication oil I 
Booster residuals 
7295 
Less ground expendables 
Atlas gross launch 
Prop c 11 ant s 
Hydrogen peroxide 
Helium 
Total 
___- - ~~ 
Centaur gross launch 
Atlas gross launch 
Total AC-3 
17,999 
4: 
1c 
18,051 
_-- 
37,182 
300,658 
Nose fairing 
Tank insulation 
1 Total 
Centaur jettison breakdown 
- I  -- __- - 
- 
162E 
118: 
2811 
~ - ~ 
Basic body 4,443 I Residuals (propellants) I 12,170 
Flight 
Ground 
Pre-ignition gas loss 
243,707 
450 
2,887 
7 ~ ~ Atlas sustainer jettison breakdown 
5,715 
1,791 
3,22L 
1,712 
2( 
16 
TABU 111-11. 
pressure, I ps ia  
LOX 
m2 
- 
- V M I C L E  PROPELLANT' WEIGHTS AT LIFT-OFF 
30.8 49.46 68.78 381.4 355.14 24,400 
20.8 47.60 4.32 187.4  1195.71 5,175 
Ullage 
volume, 
cu f t  
69.3 
49.9 
l i f t  -off  
Centaur 
----- 22.0 175,745 ----- 41.8 76,226 
Volume at  
l i f t - o f f ,  
cu f t  
Weight at  
l i f t - o f f  , 
1-b 
&LOX densi ty  from GD/A rept.  
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IV.  TRAJECTORY 
The malfunction of t he  Centaur hydraulic system and r e su l t i ng  premature 
engine cutoff precluded achieving o r b i t  f o r  t h e  AC-3; however, the  Atlas phase 
and 264 seconds of t he  Centaur phase were successfully flown and examined. 
The ac tua l  f l i g h t  path of AC-3 was s l igh t ly  higher and t o  the  l e f t  of t he  
predicted t ra jec tory .  
during booster operation, which a l so  resul ted i n  higher Earth r e l a t i v e  veloci ty  
and BECO occurring 2 seconds early. The lateral displacement w a s  t h e  apparent 
result of inaccuracies i n  the  au topi lo t  i n  yaw and roll. From BECO t o  Centaur 
cutoff ,  t he  f l i g h t  was nearly as predicted, if allowances a r e  made f o r  t he  d is -  
persions ex is t ing  a t  BECO, t h a t  is, t h e  effect  of t he  increased booster accel-  
e ra t ion  on a l t i t u d e  and velocity. 
This was the  r e s u l t  of s l i g h t l y  higher accelerat ions 
Reconstruction of t he  t r a j ec to ry  by a detai led t r a j ec to ry  simulation in-  
The booster performance was b e t t e r  than predicted 
dicated t h a t  t h e  AC-3 vehicle propulsion and s teer ing  parameters were within 
t h e i r  predicted 3a values. 
i n  so far as t h e  spec i f ic  impulse w a s  0.7 percent grea te r  and t h e  t h r u s t ,  based 
on an estimated l i f t - o f f  weight of 300,640 pounds, was 1.6 percent higher than 
t h e  values used i n  t h e  p re f l igh t  simulations. The sus ta iner  spec i f i c  impulse 
w a s  0.2 percent g rea t e r  and the  t h r u s t  was 0.7 percent grea te r  than predicted. 
P i tch  rates f o r  t he  Atlas phase were 2.7 percent lower than planned. 
d r i f t  f o r  both booster and sus ta iner  phases of 0.00275 degree per second w a s  
required f o r  t h e  bes t  match of t h e  ac tua l  t ra jectory.  
A yaw 
Reconstruction of the  Centaur phase resulted i n  an i n i t i a l  weight of 
34,429 pounds ( f o r  an assumed t h r u s t  of 29,876 l b )  and a spec i f i c  impulse of 
434.2 seconds. The i n i t i a l  s teer ing  vector was established t o  be within 
0.09 degree of t he  desired value. Very l i t t l e  can be deduced concerning the  
second vector s ince the  vehicle w a s  very unstable a t  t h i s  time. 
The major discrepancy between the t ra jec tory  reconstruction and the  track- 
ing da ta  occurred during t h e  high-drag portion of the  Atlas phase. 
crepancy w a s  removed by assuming lower drag coef f ic ien ts  f o r  t h e  AC-3 vehicle; 
however, t he  discrepancy could also, conceivably, be due t o  an e r ro r  i n  the  
assumed A t l a s  propulsion model. Analysis of subsequent f l i g h t s  w i l l  be re- 
quired before pos i t ive  conclusions can be reached. 
This d is -  
TRAJECTORY COMPARISONS 
Pos t f l i gh t  t r a j ec to ry  analysis was performed on the  AC-3 f l i g h t  da ta  t o  
obtain vehicle  performance data  based on the "best  estimate of t ra jectory."  
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This bes t  estimate of t r a j ec to ry ,  he re ina f t e r  re fer red  t o  as BET, i s  the  com- 
b ina t ion  in to  one t r a j ec to ry  of t he  t racking da ta  obtained from the various op- 
t i ca l  and radar  t racking devices by t h e  Data Processing Section at ETR (da t a  
obtained from RCA-AFETR, rept.  no. sC-7). For the AC-3 BET, da ta  from four  op- 
t i c a l  t rackers ,  four  C-band radar u n i t s  and the Azusa Mark I1 system were used. 
A second objective of the  pos t f l i gh t  t r a j e c t o r y  ana lys i s  was t o  demonstrate t h e  
a b i l i t y  t o  pred ic t  t h e  d e t a i l s  of Atlas-Centaur f l i g h t s  by p r e f l i g h t  simulation 
techniques. 
Atmospheric Conditions 
The atmospheric conditions ex i s t ing  at t h e  t i m e  of launch cannot be ade- 
quately predicted f o r  p re f l igh t  simulations. 
posed launch period are estimated f o r  these calculations.  
the first items considered i n  pos t f l i gh t  ana lys i s  is  t h e  ac tua l  atmospheric 
conditions ex is t ing  at the time of launch. 
obtained from a Rawinsonde run at  0718 EST (within 2 h r  of launch) are presented 
i n  f igu re  I V - l ( a ) .  
are presented and compared with the p r e f l i g h t  estimates (da ta  obtained from 
GD/A rept .  no. 63-0495-13) i n  f i g u r e  I V - l ( b ) .  
than those predicted over t h e  c r i t i c a l  range of a l t i t u d e s  (up t o  55,000 f t  f o r  
AC-3) f o r  aerodynamic loading. Also, the wind azimuth was somewhat d i f f e ren t .  
These differences resu l ted  i n  angles of a t t a c k  d i f f e r e n t  from those predicted. 
A comparison of t h e  predicted angles of a t tack ,  measured angles of attack (by 
vane-type instruments),  and the angles of a t t a c k  computed i n  t h e  t r a j e c t o r y  re- 
construction i n  both p i t ch  and yaw are shown i n  f igu re  IV-2. 
angles of a t t ack  were not g rea t  enough t o  cause s t r u c t u r a l  problems. 
complete discussion of t h e  aerodynamic loads and s t r u c t u r a l  analysis  i s  given 
i n  sect ion IX. VMICLE STFXJCTURES. 
Conditions t y p i c a l  of t he  pro- 
Therefore, one of 
The pressure and temperature da t a  
The wind prof i les ,  a l s o  determined by t h e  Rawinsonde run, 
The wind ve loc i t i e s  were less 
The observed 
A more 
Comparisons of t h e  ac tua l  Mach numbers and dynamic pressures wi th  t h e  pre- 
d i c t ed  and reconstructed values are presented i n  f igu re  IV-3. 
the  pos t f l i gh t  reconstruction w i l l  be discussed l a t e r .  
g r e a t e r  than those predicted due t o  t h e  g rea t e r  veloci ty  achieved by the AC-3, 
which w i l l  a l so  be discussed later, coupled with the s h i f t  i n  wind prof i les .  
The basis f o r  
The ac tua l  values are 
A t l a s  Phase 
Alti tude,  ground range, and cross range' obtained from t h e  BET are com- 
For a pared with t h e  p re f l igh t  and reconstructed t r a j e c t o r y  i n  f igu re  IV-4. 
b e t t e r  time cor re la t ion ,  these parameters are shown as a funct ion of t i m e  from 
2-inch motion i n  f i g u r e  IV-5. 
t i v e  veloci ty  are presented i n  f igu res  IV-6 and 7, respectively.  
t o r y  events are compared i n  t a b l e  I V - I .  
Thrust acce le ra t ion  (axial load f a c t o r )  and rela- 
Key t r a j e c -  
'Cross range as used here in  is  defined as t h e  minimum ground d is tance  from 
t h e  vehicle subpoint t o  t h e  plane formed by t h e  launch v e r t i c a l  vector  and t h e  
launch down-range vector  (100.5' from north).  
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The ac tua l  t r a j ec to ry  was higher and t o  the  l e f t  of t h a t  predicted. The 
dispers ion i n  a l t i t u d e  i s  t h e  result of accelerations higher than those predic- 
t e d  and p i t ch  rates during booster phase lower than those  predicted.  
persion i n  cross range i s  probably the  result of yaw d r i f t  and a s m a l l  error i n  
p i t c h  over azimuth. 
booster  phase. 
proximately 2 seconds e a r l i e r  than predicted; BECO was programed t o  occur at  an 
acce lera t ion  of 5.67 g's. 
of t i m e  from BECO and therefore  show t h e  e f fec t  of BECO being 2 seconds ear ly  
( t a b l e  I V - I ) .  
The d i s -  
The t h r u s t  accelerations ( f ig .  IV-6) is  higher  during t h e  
The higher booster  acceleration r e su l t ed  i n  BECO occurring ap- 
Events subsequent t o  BECO were programed as f inc t ions  
The r e l a t i v e  veloci ty  ( f ig .  IV-7) a lso  shows t h e  e f f e c t  of t h e  higher ac- 
The veloci ty  during t h e  booster phase was as much as 200 feet per  celerat ion.  
second greater .  
During t h e  sus ta iner  phase, t h e  ac tua l  a l t i t u d e  continued higher and t h e  
The t h r u s t  accelerat ion and relative ve loc i ty  range less than t h a t  predicted. 
showed no major difference from the nominal. 
Centaur Phase 
Orbi t  was not achieved by AC-3 because of a malfunction of t h e  Centaur hy- 
d rau l i c  system. This f a i l u r e  resu l ted  i n  the loss  of gimbal control  of one 
engine, which l e d  t o  premature engine shutdown. This f a i l u r e  i s  discussed i n  
more d e t a i l  i n  sect ion XIV. 
254 seconds of Centaur main engine operation, s u f f i c i e n t  telemetry and t racking 
da ta  were obtained t o  determine Centaur engine performance. 
PRENUURE CENTAUR ENGINE CIRy>FF. During t h e  
As might be  an t ic ipa ted  with th rus t  accelerat ion c lose  t o  normal ( f ig .  
IV-6(b)) and a l o f t e d  t r a j ec to ry ,  t he  velocity and range a t t a ined  by t h e  Centaur 
stage were less than predicted. Since main engine shutdown occurred about 
125  seconds before  planned MECO, t h e  terminal conditions were, of course, less 
than those predicted,  as shown i n  t a b l e  I V - I .  ~ 
CENTAUR SPECIFIC IMPULSE 
Two bas ic  methods were used t o  obtain Centaur s p e c i f i c  impulse from tra- 
The f i rs t  method uses a 
jec tory  data. 
fit of t h e  ac tua l  t r a j ec to ry  as depicted by the BET. 
s impl i f ied  model and requires  a high degree of qua l i ty  i n  t h e  t racking data. 
The second method, t r a j ec to ry  reconstruction, has a much more de t a i l ed  model and 
i s  not as s e n s i t i v e  t o  t h e  qua l i ty  of the  tracking data. 
Both methods make use of a propulsion model adjusted f o r  t he  b e s t  
Specif ic  Impulse by Slope Method 
The o v e r a l l  spec i f i c  impulse of a vehicle operating i n  a vacuum m q r  be de- 
termined d i r e c t l y  from t r a j ec to ry  da ta  provided t h a t  t h e  t h r u s t  i s  constant over 
t h e  period of t i m e  being considered. As derived i n  reference 3, t h e  ove ra l l  
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- 
spec i f ic  impulse I 
flow r a t e  leaving t h e  vehicle: 
i s  defined as t h e  ne t  t h r u s t  divided by t h e  t o t a l  weight 
- 
I = - 
If t h e  weight flow r a t e  as w e l l  as t h e  t h r u s t  i s  constant, then (weight/thrust) 
i s  a l i n e a r  function of t i m e .  
Since t h e  RL-10 engines are control led t o  provide constant t h r u s t ,  it 
should be possible  t o  obtain an estimate of overa l l  s p e c i f i c  impulse d i r e c t l y  
from the BET. 
W/F f o r  t h e  Centaur phase i s  shown as a function of time i n  f i g u r e  IV-8 .  
s t r a i g h t  l i n e  was passed through t h e  d a t a  by t h e  method of least squares, and a 
value of As  can be observed i n  
f i g u r e  I V - 8 ,  however, t h e  da ta  are noisy a t  times. These times correspond t o  
periods when t h e  Azusa da ta  were not usable. To make use of t h e  b e t t e r  data,  
only the values from 248 t o  266 - seconds and from 360 t o  430 seconds were used. 
The overal l  s p e c i f i c  impulse 
a more r e a l i s t i c  value. 
The inverse of t h r u s t  accelerat ion (one over axial load f a c t o r )  
A 
I = 474 seconds ( t a b l e  IV-111) was obtained. 
I f o r  these  da ta  was 435.97 seconds ( t a b l e  IV-3), 
A s  a f u r t h e r  refinement, t h e  posi t ion and veloci ty  da ta  from t h e  BET were 
smoothed, and the  resu l t ing  - accelerat ions were obtained ( f i g .  I V - 8 ) .  
d a t a  yielded a value of of 433.8 seconds ( t a b l e  IV-111). 
These 
I 
Specif ic  Impulse by Trajectory Reconstruction 
The d e t a i l s  of t h e  AC-3 t r a j e c t o r y  reconstruction w i l l  be discussed i n  t h e  
next section; however, as p a r t  of t h e  overa l l  t r a j e c t o r y  reconstruction, an 
addi t ional  estimate of Centaur s p e c i f i c  impulse was obtained. For t h e  AC-3 
t ra jec tory  reconstruction, a Centaur s p e c i f i c  impulse of 434.2 seconds w a s  de- 
rived, as i s  shown i n  t a b l e  I V - 1 1 1 .  
The poor qual i ty  of t h e  tracking d a t a  makes t h e  values of Centaur s p e c i f i c  
impulse obtained v i a  t h e  slope method somewhat questionable; however, t h e  good 
agreement between t h e  Centaur spec i f ic  impulse obtained v i a  t r a j e c t o r y  recon- 
s t ruc t ion  and the  slope method using smoothed BET data  ind ica tes  a probable 
overa l l  Centaur s p e c i f i c  impulse of approximately 434 seconds f o r  t h e  AC-3. 
TRAJECTOW RECONSTRUCTION 
I n  addition t o  analyzing telemetry data,  a good estimate of vehicle  per- 
formance can be obtained by reconstructing t h e  t r a j e c t o r y  based on t racking 
data. 
s e t  of performance parameters, such as t h r u s t ,  weight flow, turning rates, e tc . ,  
s o  t h a t  t h e  r e s u l t a n t  computed t r a j e c t o r y  i s  a b e s t  f i t  (a best-weighted l e a s t -  
squares f i t )  of t h e  tracking da ta  (BET). The res idua ls  (differences)  between 
t h e  reconstructed t r a j e c t o r y  and t h e  BET may represent combined e r r o r s  i n  t h e  
tracking data,  e r rors  i n  the  vehicle simulation including t h e  mathematical 
This i s  done by using a d e t a i l e d  vehicle  simulation and determining a 
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models describing engine performance, t h r u s t  and flow decws,  drag, e tc . ,  and 
e r r o r s  i n  t h e  derived values of performance parameters. If t h e  res idua ls  are 
s m a l l ,  there  is  a high probabi l i ty  t h a t  t h e  derived values of t h e  performance 
var iab les  a re  a good estimate of those having occurred i n  t h e  f l i g h t .  
more, if a constant pa t te rn  i n  t h e  res idua ls  is  observed over a s e r i e s  of 
f l i g h t s ,  it may be possible  t o  deduce the  source of t h e  e r ro r s  and improve t h e  
models used i n  t h e  vehicle simulation. 
Further- 
I n  addi t ion t o  t h e  p i t ch  and yaw rates, only t h e  vehicle  accelerat ion (and 
thus t h e  spec i f i c  impulse) may be determined d i r e c t l y  from t h i s  reconstruction. 
Evaluation of t h e  other  parameters, such as thrus t ,  weight, o r  weight flows, 
depend on independent measurements of e i t h e r  propel lant  l e v e l  his tory,  t h r u s t ,  
o r  weight. 
f l i g h t ,  it was necessary t o  specify e i t h e r  t h r u s t  o r  i n i t i a l  weight t o  der ive 
t h e  remaining parameters. 
l i f t - o f f  weight w a s  known more accurately (as given i n  t a b l e  I V - 1 1 ) ,  and it was 
spec i f ied  t o  der ive  t h e  A t l a s  th rus t .  I n  the case of t h e  Centaur stage, it was 
f e l t  t h a t  t h e  t h r u s t  values were b e t t e r  known and t h r u s t  was spec i f ied  i n  order 
t o  der ive t h e  i n i t i a l  Centaur weight. It should be recognized, however, t h a t  
i f  t h e  values assumed f o r  t h e  l i f t - o f f  weight and Centaur t h r u s t  do not accur- 
a t e l y  depict  t h e  t r u e  values occurring i n  the f l i g h t ,  a r e l a t ed  e r r o r  w i l l  exist  
i n  t h e  associated derived parameter. 
Since propel lant  l e v e l  h i s to ry  was not measured during t h e  AC-3 
For t he  Atlas phase, it was f e l t  t h a t  t h e  i n i t i a l  
A s  mentioned previously, t h e  veloci ty  res iduals  are used t o  judge how w e l l  
t h e  t r a j e c t o r y  has been reconstructed. The residuals  for t h e  AC-3 reconstruc- 
t i o n  a r e  presented i n  f igu re  IV-5. It can be observed t h a t ,  when t h e  s tandani  
simulation models are used, a nonrandom pat tern of res idua ls  occurs during t h e  
boost phase. During t h e  period from 60 t o  100 seconds after l i f t - o f f ,  t h e  re- 
construction ind ica tes  a lower rate of accelerat ion than t h e  BET. This i s  most 
probably t h e  r e s u l t  of computing too  low a value of ne t  t h r u s t  ( t h r u s t  minus 
drag) during the period. 
which maximum drag occurs ( f ig .  IV-3)  it i s  possible t h a t  too  high a drag i s  
being computed. 
General Dynamics/Astronautics (GD/A) drag coefficient curve used i n  t h e  or ig-  
i n a l  reconstruction. A bes t  value of t h i s  a t tenuat ion f a c t o r  was determined i n  
a second reconstruct ion r e su l t i ng  i n  a b e t t e r  match, as shown i n  f igu re  IV-9. 
The second s e t  of drag coef f ic ien ts  was reduced by approximately 25 percent,  as 
shown i n  f igu re  IV-10. 
Since t h i s  time period corresponds t o  t h a t  during 
To inves t iga te  t h i s ,  an at tenuat ion f a c t o r  was applied t o  t h e  
A similar t rend  was observed i n  t h e  AC-2 reconstruction performed by 
Thompson Ram0 Wooldridge-Space Technology Laboratories (TRW-STL) (da ta  obtained 
by STL, rept .  no. 8414-6168); however, STL reshaped t h e  e n t i r e  drag curve t o  
b e s t  f i t  t h e  AC-2 BET r a the r  than use a simple at tenuat ion f a c t o r  ( f ig .  IV-10). 
U s e  of t h i s  drag curve i n  reconstructing t h e  AC-3 t r a j ec to ry  r e su l t ed  i n  an i m -  
proved match ( f ig .  IV-5) but  did not change the  derived values of spec i f i c  im-  
pulse  o r  t h r u s t  by more than 0.5 percent. 
Although t h e  use of the modified drag coef f ic ien ts  resu l ted  i n  good 
matches of both the  AC-2 and AC-3 t racking data, t he re  i s  in su f f i c i en t  evidence 
t h a t  t h e  deviation i n  accelerat ion is  due en t i re ly  t o  drag. It i s  a l s o  possible  
t h a t  modification of t h e  propulsion model could account f o r  all o r  p a r t  of t h i s  
deviation. More study of t h i s  and l a t e r  data w i l l  be required before a change 
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i n  t h e  simulations can be recommended. 
ever, i s  that the  payload f o r  a t y p i c a l  Surveyor mission using the modified 
drag curve increased approximately 60 pounds. 
The s ignif icance of such a change, how- 
Resul t s  of t h e  f i n a l  AC-3 reconstruction using the  STL drag curve are pre- 
sented i n  f igures  IV-2.to 7 and i n  tables I V - I V  and V. 
l i s t i n g ,  extended throughout t h e  f r e e - f l i g h t  period t o  impact i s  a l s o  given i n  
appendix C. 
per  minute i n  yaw d r i f t  were required t o  b e s t  match t h e  A t l a s  f l i g h t  ( t a b l e  
IV- IV) .  
ree and only a s m a l l  yaw d r i f t  was required t o  best match the Centaur f l i g h t .  
A de ta i led  t r a j e c t o r y  
A 2.7-percent reduction i n  t h e  Atlas p i t c h  r a t e s  and 0.16 degree 
The i n i t i a l  Centaur a t t i t u d e  vector was establ ished t o  within 0.1 deg- 
Propulsion parameters derived by t r a j e c t o r y  reconstruction a r e  presented 
i n  t a b l e  IV-V. 
i s  required of the method used t o  compute t h e  engine performance. For both t h e  
pref l igh t  and reconstruction t r a j e c t o r y  simulations, reference values of t h r u s t  
and propellant weight flow r a t e s  are corrected t o  ad jus t  f o r  var ia t ions  i n  en- 
gine i n l e t  conditions. The reference values of thrust  and flow are those val-  
ues obtained w i t h  specif ied engine i n l e t  conditions. The engine i n l e t  condi- 
t i o n s  considered included the propellant i n l e t  pressure, densi ty  (temperature), 
cont ro l  valve se t t ings ,  and atmospheric pressure. Since these i n l e t  conditions 
are time and t r a j e c t o r y  dependent, the  values of thrust  and flow must be ad- 
justed,  o r  corrected, throughout the  f l i g h t  simulation. I n  t h i s  adjustment the 
bas ic  l e v e l  of performance as given by the reference values of t h r u s t  and flow 
remain fixed. 
To i n t e r p r e t  t h e  values presented properly, some understanding 
I n  t h e  p o s t f l i g h t  reconstruction, a new l e v e l  of performance i s  derived i n  
addition t o  correcting f o r  the  var ia t ions  i n  in le t  conditions as reported by 
telemetry. This i s  accomplished by solving f o r  a t tenuat ion f a c t o r s  which, when 
applied t o  the  reference values of t h r u s t  and flow, provide a t r a j e c t o r y  tha t  
best f i t s  the BET. These at tenuat ion f a c t o r s  together  w i t h  t h e  reference values 
are l i s t e d  i n  t a b l e  IV-V. The at tenuat ion fac tors ,  then, a r e  an indicat ion of 
how t h e  engine operated when compared with i t s  spec i f ica t ions  o r  ground runs 
(provided t h a t  t h e  ground tests a r e  corrected t o  the  same set of i n l e t  condi- 
t ions) .  
Anomalies i n  t h e  t ra jec tory ,  however, cannot be related d i r e c t l y  t o  the 
reference values o r  attenuation f a c t o r s  s ince the i n l e t  conditions may a l s o  be 
different from those predicted; therefore ,  the adjusted, o r  actual ,  values are 
a l s o  presented i n  t a b l e  IV-V. 
t i m e  must be specif ied f o r  each value quoted. 
t a i n e r  engines, t h e  values presented are a t  l i f t - o f f  (TM) and f o r  the  Centaur 
at  MES t 4 seconds. 
Since these values vary throughout t he  f l i g h t ,  a 
For the  Atlas booster and sus- 
If a f l i g h t  is nearly normal, the  corrections t o  t h e  reference values f o r  
the i n l e t  conditions would be about t h e  same f o r  the p r e f l i g h t  and p o s t f l i g h t  
simulations. This i s  true f o r  the  A t l a s  booster inasmuch as both the  reference 
and t h e  adjusted pos t f l igh t  s p e c i f i c  impulse values a r e  about 0.7 percent above 
the pref l igh t  values. Similarly,  t h e  Centaur s p e c i f i c  impulse shows about t h e  
same increase, 0.8 percent, f o r  both the  reference and adjusted values. The 
sustainer  spec i f ic  impulse, however, shows a 0.2-percent increase i n  reference 
values ( l e v e l  of performance) and a 0.3-percent decrease i n  adjusted (ac tua l )  
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values. The propellant i n l e t  temperatures and pressures f o r  t h e  booster and 
sus ta iner  are re la ted  and resu l ted  i n  similar corrections;  however, only t h e  
sus ta iner  i s  effected by the  propellant u t i l i za t ion  (PU) system. A s  discussed 
i n  sect ion V. 
I peLurlds ULCL GU her- miis resuited i n  a d i f fe ren t  propellant mixture r a t i o  
than planned. 
0.5 percent from t h a t  avai lable  and reduced the ava i lab le  thrust about 0.2 per- 
cent  (from 0.7 t o  0.5 percent).  
above i t s  specif icat ion values, lower performance w a s  rea l ized  due t o  the  m a l -  
functioning of the  PU system. 
PROPULSION, the  PU system malfunctioned at  l i f t - o f f  and f o r  
This difference reduced the  specif ic  impulse achieved by 
7n --?--- LL- ---- DL-- 
Thus, while the  sus ta iner  engine operated 
I n  the  reconstruction of t h e  Centaur phase of t h e  AC-3 f l i g h t ,  t he  
"smoothed'' BET data  were used. 
points  that could be matched i n  t h i s  program (40) was too  l imi ted  t o  provide a 
reasonable f i t  when the  s c a t t e r  i n  the  or iginal  BET i s  considered. 
These data  were used because the number of t i m e  
CONCLUDING REMARKS 
I n  general, t he  AC-3 t r a j ec to ry  was i n  f a i r l y  c lose agreement wi th  t h a t  
desired,  and t h e  derived performance parameters were i n  f a i r  agreement with the  
p re f l igh t  predictions.  One of the  more notable deviations was t h a t  the tra- 
jectory was l o f t e d  as a r e s u l t  of t he  booster t h r u s t  being about 1 .6  percent 
higher than tha t  predicted and because the  Atlas p i t ch  program was about 
2.7 percent low. 
The spec i f i c  impulse values were w i t h i n  1 percent of t he  predicted values 
for both the  Atlas and the  Centaur stages. 
t h e  Centaur, t h e  i n i t i a l  a t t i t u d e  vector was establ ished t o  within 0.1 degree; 
however, no attempt was made t o  analyze the  Centaur f l i g h t  beyond the  first 
vector because the tracking data  were too  questionable. 
In s p i t e  of t he  e r r a t i c  behavior o f  
A discrepancy i n  acceleration during the maximum-drag region was observed. 
This was s i m i l a r  t o  one observed for the  AC-2 f l i g h t .  
derived for t h e  AC-2 f l i g h t  (by STL) resulted i n  better agreement during t h i s  
period; however, more study i s  required of t h i s  phenomenon before pos i t ive  con- 
clusions can be reached. 
Use of t h e  drag curve 
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TABLE IV-I. - TRAJECTORY PARAMEZER COMPARISON 
Parameter BECO Insulation Nose-fairing SECO Separation MES 
j e t t i son  je t t ison 
Vector 2 MECOa 
PlannedC 
Actual 
Reconstruction 
Planned 112.26 119.70 132.05 441.05 983.50 
BET ::4 I % :5q7 Il07.170 I 114.076 1126.165 1 422.988 1566.862 
Reconstruction 29.309 55.934 80.010 107.667 114.756 128.114 423.603 566.689 
1:;: ::4 1 
149.8 179.8 204.8 228.4 234.4 244.4 434.4 621.4 
147.8 177.6 202.6 226.3 232.1 242.2 432.2 496.3 
‘147.8 177.6 202.5 226.2 232.2 ‘243.5 432.2 496.3 
Planned 42.424 
BET 43.403 
Reconstruction 43.746 
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69.668 92.485 114.451 120.043 129.021 257.017 307.890 
71.419 95.095 118.285 123.983 133.660 268.739 298.308 
71.838 95.608 118.745 124.745 135.252 269.137 298.607 
Planned 7695 8244 
BET 7740 8235 
Reconstruction 7720 8235 
8883 9695 9599 9414 14,092 26,809 
8831 9625 9529 9343 13,700 16,395 
8834 9619 9518 9315 13,698 16,415 
Planned 8665 9273 
BET 8700 9253 
Reconstruction 8676 9251 
9958 10,809 10,724 10,572 15,470 28,241 
9893 10,725 10,638 10,473 15,080 17,820 
9896 10,718 10,629 10,447 15,077 17,838 
P1 ann ed 5.67 1.307 
BET e5. 66 1.30 
Reconstruction 5.710 1.286 
1.500 1.754 0.021 0.877 1.431 3.777 
1.40 1.76 1.48 1.75 ----- .87 
1.492 1. 742 .030 .869 1.397 1.758 
m--b 
TABLE IV-11. - WEIGHTS USED I N  TRAJECTORY ANALYSIS 
Gross tanked 
L i f t  -off 
BECO 
Booster w e t d  
A t  separat ion 
Sus ta iner  wetd 
A t l a s  unburned propel lant  
Centaur l i f t - o f f  
Boost phase vent 
Insu la t ion  and nose f a i r i n g  
Centaur at  separat ion 
Centaur burnout 
Centaur wetd 
Centaur unburned propellants 
Weight, lb 
?reflight" Pos t f l igh tb  
nominal estimate i 
304,490 
301,269 
77,298 
7,257 
45,936 
9,162 
2,454 
37,121 
53 
2,748 
34,320 
7,946 
4,924 
3,022 
304,270 
300,640 
7,295 
46,772 
9,226 
3,228 
37,182 
53 
2,811 
34,318 
16,613 
4,910 
11,703 
------- 
Trajectory 
reconstruction 
-------- 
c300, 640 
77,652 
46,074 
c9,226 
2,419 
37,293 
c5 3 
c2, 811 
34,429 
16,975 
12,065 
c7,295 
c4,910 
aFrom t r a j e c t o r y  l i s t i n g ,  appendix C (da t a  obtained by GD/A; rept .  
bBased on values of da t a  obtained by GD/A; rept .  no. 63-0495-15. 
CAssumed f o r  purposes of reconstruction. 
no. 63-0495-13). 
weight plus  trapped, gaseous, and nominal res idua l  propellants.  
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TABU IV-111. - CEWI'AUR SPECIFIC IMPULSE 
- ~ 
Stage Parameter Pref l igh t  Reconstruction 
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Centaur 
Obtained from - 
Vector 1, deg 13.404 13.3134 
Vector 2, deg -18.750 - -___-___ 
Yaw d r i f t  r a t e ,  deg/sec o .000884 
Acceptance t e s t  results 
Slope method (ref. 3) 
Reconstruction 
Specif ic  impulse, 8 cI 
430.8 
a474 
b435.97 
C433.8 
434.2 
&F/W taken d i r e c t l y  from ET'R EET (data  ob- 
bBET data  only during Azusa coverage (at  
'Smoothed BET data; all t i m e  samples (at  
ta ined by RCA-AFETR; rept.  no. sC-7) (at  
0.5-sec i n t e r v a l ) .  
0.5-sec i n t e r v a l ) .  
0.5-sec i n t e r v a l ) .  
TABLE IV-IV. - ATTITUDE PARAMETERS DERIVED BY 
TRAJECTORY RECONSTRUCTION 
Booster P i tch  at tenuat ion f a c t o r  0.672 0.6544 
Yaw d r i f t  rate, deg/sec 1 0 1 .002746 I I 
Sustainer Pi tch at tenuat ion f a c t o r  0.672 0.6544 I I Yaw d r i f t  r a t e ,  deg/sec I 0 I .002746 
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(a) Altitude. 
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Figure IV-4. - AC-3 trajectory. 
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(a) Altitude. 
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Figure N-5. - Concluded. AC-3 trajectory as function of time. 
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Figure N-6. -Thrust  acceleration for AC-3. 
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Figure IV-7. - Relative velocity for AC-3. 
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Figure IV-8. - Reciprocal of Centaur thrust acceleration for AC-3. 
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(b) Down-range velocity component, 220 to 440 seconds. 
Figure IV-9. - Residual velocity (cornputed-tracking). 
Time from lift-off, sec 
(d) Vertical velocity component, 220 to 440 seconds. 
Figure IV-9. - Continued. Residual velocity (computed-tracking). 
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Figure IV-9. - Concluded. Residual velocity (computed-tracking). 
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Figure IV-10. - Comparison of drag curves used i n  trajectory recon- 
struction of AC-3 fl ight 
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V. PROPULSION 
SUMMARY 
The A las propulsion system operated s a t i s f a c t o r i l y  with the  exception of 
t h e  propellant u t i l i z a t i o n  system. 
f irst  70 seconds of f l i g h t  resu l ted  i n  the sus ta iner  engine operating at  a LOX- 
r i c h  mixture r a t i o .  
signed. Consequently, t h e  propellant u t i l i z a t i o n  valve moved t o  a posi t ion t o  
compensate f o r  the  i n i t i a l  LOX-rich operation. The e f f e c t  of th i s  malfunction 
on t h e  AC-3 f l i g h t  was negligible.  The t o t a l  Atlas t h r u s t  was between 0 . 2  t o  
1 .0  percent above t h e  predicted values during t h e  booster phase of the  f l i g h t .  
This difference between a c t u a l  and predicted performance i s  due t o  the  varia- 
t i o n  between ac tua l  and predicted engine i n l e t  conditions, PU valve se t t ing ,  
and a l t i t u d e .  During t h e  sus ta iner  phase, t h e  t h r u s t  l e v e l s  were between 0 
and 1 . 2  percent below those predicted. 
i f i c a t i o n  requirements. The Atlas specif ic  impulse was 0 t o  0.8 percent be 
low tha t  -predicted f r o m  l i f t - o f f  t o  BECO. 
f l i g h t ,  t h e  s p e c i f i c  impulse was generally- 1 t o  2 percent below t h e  predicted 
values. 
A malfunction of t h i s  system during t h e  
A f t e r  t h i s  period, the PU system began t o  operate as de- 
These values are w e l l  within t h e  spec- 
l h i r i n g  t h e  s i i s t , ~ i i n ~ r  FhasP nf t h e  
The Centaur propulsion system s t a r t e d  successfully,  but 5.1 seconds after 
MES a f a i l u r e  occurred i n  the  hydraulic system of t h e  C-2 engine. This f a i l u r e  
resu l ted  i n  a loss  of adequate vehicle control. Subsequently, a combination of 
vehicle  roll and reduced propellant levels  i n  the Centaur tanks resu l ted  i n  LOX 
s ta rva t ion  of the RL-10 engines and premature cutoff at  about M E S  plus 254.1 
seconds ins tead  of the scheduled MES plus 377.0 seconds. 
t h e  Centaur engines were operating normally, they produced an average t h r u s t  of 
s l i g h t l y  above 30,000 pounds a t  a specif ic  impulse of about 433 seconds. 
s t a r t u p  c h a r a c t e r i s t i c s  of t h e  RL-10 engines were within specif icat ions.  
t i m e  t o  90 percent of rated t h r u s t  was 1 . 6 3  and 1 . 7 6  seconds f o r  the C - 1  and 
C-2 engines, respectively.  The s t a r t u p  t o t a l  impulse t o  95 percent of rated 
t h r u s t  was 3350 and 3650 pound-seconds for the C - 1  and C-2 engines, respec- 
t ive ly .  Because of t h e  abnormal engine cutoff, shutdown charac te r i s t ics  , as 
might be expected, were not w i t h i n  the  specification l i m i t s .  
During t h e  t i m e  tha t  
The 
The 
The boost pump coast  phase experiment was i n i t i a t e d  by the  vehicle pro- 
gramer as scheduled. The LOX boost pump s t a r t e d  and operated s a t i s f a c t o r i l y  f o r  
the full duration of the tes t  (i. e. , 50 sec). No l i q u i d  w a s  evident a t  the f u e l  
boost pump i n l e t  u n t i l  t h e  last  6 seconds of the t e s t .  
vehicle  motion and velocity,  substant ia l ly  reduced t h e  qua l i ty  of the experiment 
and, consequently, can a t  b e s t  be considered only a p a r t i a l  success. 
This f a c t ,  coupled with 
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The performance of t h e  Atlas propulsion system was s a t i s f a c t o r y  with t h e  
exception of t h e  propellant u t i l i z a t i o n  system. 
modulate the sus ta iner  engine mixture r a t i o  and thereby optimize t h e  res idua l  
propellants a t  SECO. An apparent e l e c t r i c a l  shor t  i n  t h e  PU system produced a 
LOX-rich mixture r a t i o  t o  t h e  sus ta iner  engine over t h e  f irst  75 seconds of 
f l i g h t .  A comprehensive discussion of t h e  malfunction is  given i n  GD/A repor t  
BNZ 64-022. The effect of t h e  malfunction is  shown graphical ly  i n  figure V-1, 
where t h e  var ia t ion with t i m e  of e r r o r  r a t i o  demodulator s ignal ,  PU valve PO- 
s i t i o n ,  and sus ta iner  mixture r a t i o  and chamber pressure a r e  exhibited. About 
0.1 second a f t e r  l i f t - o f f ,  t h e  e r r o r  s igna l  s h i f t e d  t o  a value t h a t  ca l led  f o r  
t h e  PU valve t o  operate i n  i t s  f u l l y  closed pos i t ion  producing a LOX-rich mix- 
t u r e  ratio. This condition exis ted u n t i l  70.0 seconds a f t e r  l i f t - o f f ,  at  which 
time t h e  error  s igna l  abruptly changed t o  a value t h a t  c a l l e d  f o r  t h e  PU valve 
t o  move t o  i t s  f u l l y  open posit ion.  The PU valve responded t o  t h i s  change and 
resu l ted  i n  t h e  mixture r a t i o  changing from about 2.6 a t  70 seconds after l i f t -  
of f  t o  approximately 1 .9  at 80 seconds after l i f t - o f f .  The e f f e c t  of t h e  W 
system malfunction on sus ta iner  t h r u s t  is  indicated by t h e  l e v e l  and var ia t ion  
of chamber pressure during t h e  period of i n t e r e s t  ( f ig .  V-1). 
momentary increase of chamber pressure (i. e. , t h r u s t )  of about 17 percent a t  
73 seconds a f t e r  l i f t - o f f ,  t h e  sus ta iner  t h r u s t  was as expected. 
t e r e s t  t o  note, however, t h a t  i f  t h e  W system malfunction had pers i s ted  over 
t h e  e n t i r e  A t l a s  portion of t h e  f l i g h t ,  SECO might have occurred up t o  5 sec- 
onds prematurely as a result of LOX depletion. 
This system was designed t o  
Except f o r  a 
1 
It i s  of in-  
The variation of t h r u s t ,  s p e c i f i c  impulse, and mixture r a t i o  f o r  t h e  
booster,  sustainer,  and vern ier  engines i s  displayed i n  f i g u r e  V-2 from t h e  
time after l i f t - o f f .  Both a c t u a l  and predicted values are shown and are ar r ived  
at  using the pump inlet  conditions, PU valve s e t t i n g ,  and a l t i tude .  The d i f f e r -  
ence between t h e  ac tua l  and predicted values, then, is  only t h e  e r r o r  i n  pre- 
d ic t ing  these conditions. 
cent above t h e  predicted values during t h e  booster phase of t h e  f l i g h t .  
t h e  sustainer phase, t h e  t h r u s t  l e v e l s  were between 0 and 1 . 2  percent below 
those predicted. 
primarily associated with t h e  booster engines and are t h e  predominate cause of 
BECO occurring 2 seconds before predicted (see t a b l e  of f l i g h t  events i n  sec- 
t i o n  I. SUMMARY). The A t l a s  s p e c i f i c  impulse was 0 t o  0.8 percent below 
t h a t  predicted from l i f t - o f f  t o  BECO. 
t h e  specif ic  impulse w a s  generally 1 t o  2 percent below t h e  predicted values. 
The t o t a l  Atlas t h r u s t  w a s  between 0.2 and 1.0 per- 
During 
The higher-than-predicted values from l i f t - o f f  t o  BECO are 
During t h e  sus ta iner  phase of t h e  f l i g h t  
CENTAUR PERFORMANCE 
Overall Steady S t a t e  
Steady-state values of t h r u s t ,  s p e c i f i c  impulse, and engine mixture r a t i o  
I n  addition, t h e  accept- 
All of these  methods r e l y  heavily 
are presented i n  t a b l e  V-I f o r  several  f l i g h t  times. 
ance tes t  values are a l s o  given. 
obtain the performance l i s t e d  i n  t a b l e  V-I. 
Three methods of ca lcu la t ion  were employed t o  
44 
on cor re la t ions  obtained with ground t e s t  data. 
tween t h e  various calculat ion methods is quite good when f l i g h t  d a t a  qua l i ty  i s  
considered. 
pounds, a s p e c i f i c  impulse of about 433 seconds, and a mixture r a t i o  j u s t  
The performance values given i n  t a b l e  V - I  for a t i m e  of 250 seconds after MES 
(about 4 sec  before premature cutoff)  exhibit the  e f f e c t  of t h e  vehicle  motions 
and t h e  beginning of LOX s tarvat ion of t h e  engines. 
I n  general, t he  agreement be- 
A consensus would y i e l d  a t o t a l  t h r u s t  of  s l i g h t l y  over 30,000 
z"uove 5. rm I~ILlb, - - - -  L 1  Cei1tz-i- propfis-ioii system opercted 7-ei-y iieai-13- iiorfiil&lji. 
S ta r tup  and Cutoff Character is t ics  
The s t a r t u p  charac te r i s t ics  of the RL-10 engines are revealed i n  f i g -  
ure  V-3, where the var ia t ion  of engine thrust and total .  d i f f e r e n t i a l  impulse 
with t i m e  are plotted.  As indicated by the d a t a  l is ted i n  the f igure ,  the  
s t a r t u p  accelerat ion time and t o t a l  impulse are within specif icat ions.  
case of s t a r t u p  impulse, t h e  i n i t i a l  th rus t  chamber temperature must be taken 
i n t o  consideration.)  
seconds f o r  t h e  C-1 and C-2 engines, respectively. The s t a r t u p  t o t a l  impulse 
t o  95 percent of ra ted  t h r u s t  was 3350 and 3650 pound-seconds f o r  the C - 1  and 
C-2 engines, respectively.  
the  AC-2 f l i g h t .  
admitted),  the  t o t a l  d i f f e r e n t i a l  impulse i s  2700 pound-seconds. 
( I n  t h e  
The t i m e  t o  90 percent of rated t h r u s t  was 1.63 and 1.76 
These r e s u l t s  closely agree w i t h  those obtained f o r  
A t  MES plus 4 seconds (at which t i m e  vector 1 steer ing  i s  re- 
The cutoff charac te r i s t ics  of the FG-10 engines are presented i n  f i g -  
ure  '$4, and as i n  t h e  previous f i g u r e  t h e  var ia t ion of engine t 'nrmt and t o t a l  
d i f f e r e n t i a l  impulse wi th  t i m e  are shown. 
t h e  cutoff c h a r a c t e r i s t i c s ,  as might be expected, were not  within t h e  spec i f i -  
cat ion limits. 
Because the shutdown was abnormal, 
Boost Pumps 
The boost-pump performance and operating c h a r a c t e r i s t i c s  are presented i n  
f igures  V-5 t o  8 and t a b l e  V-11. The data shown i n  table V - I 1  ind ica te  t h a t  
both propellant boost pumps operated at steady-state speeds s l i g h t l y  higher than 
acceptance t e s t  values. 
pump pressure r ise grea te r  than expected. 
mentation e r ror ,  t he  higher than expected boost-pump operating points  i s  be- 
l i eved  t o  be due t o  an i n a b i l i t y  t o  simulate main engine flows accurately dur- 
ing  acceptance tes t ing.  Good correlat ion of LOX boost-pump parameters i s  evi-  
dent; t h a t  is, all are higher than t h e i r  corresponding acceptance tes t  values; 
however, t h e  LH2 turbine speed and i n l e t  pressure do not correlate.  
p laus ib le  explanation a t  t h i s  time i s  instrumentation errors.  
This increased pump speed brought about a IDX boost- 
Excluding t h e  p o s s i b i l i t y  of ins t ru-  
The only 
The boost-pump s t a r t u p  charac te r i s t ics  during i t s  first start are displayed 
i n  f igures  V-5 and 6 f o r  the  LH2 and LOX boost pumps, respectively.  
ures  show boost-pump turbine i n l e t  pressure, pressure rise, and turbine speed 
p l o t t e d  as a function of t i m e  from boost-pump start s i g n a l  t o  a time where 
s teady-state  operation i s  approached. Unfortunately, no pressure r ise  data f o r  
AC-3 were ava i lab le  f o r  t h e  LH2 boost pump. Catalyst  bed delay t i m e  (time from 
boost-pump start s igna l  t o  f i rs t  indication of  nozzle box pressure) was 1.2 and 
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These f i g -  
1.7 seconds for LH2 and LOz, respectively,  a t  first start. This i s  normal i n  
comparison wi th  ground tes t  da ta  f o r  t he  LH2 but  i s  approximately 0.5 second 
longer than normal ground tes t  da ta  f o r  t h e  LO2 boost pump. Nevertheless, by 
the t i m e  MES occurred, both the  LOX and LH2 boost pumps f o r  t h e  f l i g h t  system 
were operating s a t i s f a c t o r i l y  as indicated by t h e  turbine speed and pressure 
r ise values. 
associated with t h e  increased propellant flow r a t e  as t h e  engine i n l e t  valve 
opens. 
ground tes t ing  is not evident i n  t h e  f l i g h t  da ta  due t o  t h e  higher response of 
the  ground test  instrumentation over t h a t  used i n  f l i g h t .  
The rapid reduction i n  LOX boost-pump pressure rise after MES is  
The c h a r a c t e r i s t i c  dip i n  head rise across t h e  LOX boost pump seen i n  
The boost-pump s t a r t u p  c h a r a c t e r i s t i c s  during the second start are exhib- 
i t e d  i n  figures V-7 and 8 f o r  t h e  LH2 and LOX boost pumps, respectively.  
delay t imes  on t h e  second start were subs tan t ia l ly  shor te r  f o r  t h e  second start 
probably because of more favorable ca ta lys t  bed conditions (both systems having 
been operating shor t ly  before).  As indicated i n  f i g u r e  v-7, the LH2 boost-pump 
turb ine  speed p r i o r  t o  t h e  second BPS was very high (about 40,000 rpm). 
much as the LH2 boost-pump turbine had not been provided with power, a t  l e a s t  
s ince  programed MECO (about 60 sec p r i o r  t o  the second B E )  , t h e  high turbine 
speed indicates  lack  of l i q u i d  at  the pump after programed MECO. This is  cor- 
roborated by the  rapid speed r i s e  a f t e r  t h e  second BPS t o  t h e  over-speed t r i p -  
out  a t  about 60,000 rpm and t h e  very slow decay following the  t r ip-out .  Data 
not graphically shown indica te  that ,  at about BPS plus 44 seconds, l i q u i d  ap- 
peared at the  pump i n l e t .  This was 6 seconds p r i o r  t o  t h e  boost-pump experi- 
ment termination. 
The 
Inas- 
The data presented i n  f i g u r e  V-8 f o r  t h e  LOX boost-pump exhibi t  character-  
i s t i c s  considerably d i f f e r e n t  from those shown f o r  t h e  LH2 boost pump i n  the  
previous f igure (V-7). 
a value which is  compatible with a normal d e c w  associated wi th  t h e  presence of 
l i q u i d  at the  pump i n l e t  a f t e r  programed MECO. Furthermore, the  ensuing accel-  
e ra t ion  was q u i t e  similar t o  the  first LOX boost-pump start. 
tu rb ine  speed f o r  t h e  second start as t h e  pump accelerat ion ceased can be at- 
t r i b u t e d  largely t o  higher turbine power (as shown by the  increased turbine in-  
l e t  pressure during second BPS). The differences exhibited i n  t h e  two starts 
after BPS plus 16  seconds a r e  a r e s u l t  of t h e  d i f f e r e n t  flow rates through t h e  
LOX boost pump (i. e. , during the first start  t h e r e  was a much higher flow 
through the boost pump associated wi th  engine operation after MES (BPS + 16  
sec)  ) . 
A t  BPS, t h e  LOX pump turbine speed was about 2500 rpm, 
The increased 
._ 
Main Pumps 
The main-pump steady-state  performance is  given i n  t a b l e  V-111. Pump 
This i s  
speed during t h e  f l i g h t  was essent ia l ly  t h e  same as that  obtained during accep- 
tance testing. 
a t t r ibu tab le  t o  t h e  higher-than-expected boost-pump speeds with t he i r  a t tendant  
pressure rises (see previous sect ion) .  
pump discharge pressures,  p a r t i c u l a r l y  the  C - 2  LH2 discharge pressure, i s  un- 
known. 
The pump i n l e t  pressures are g r e a t e r  than nominal. 
The reason f o r  t h e  lower-than-expected 
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The LH2 and LOX pump i n l e t  conditions during the  following engine start 
ind ica t e  t h a t  both pumps were always operating w e l l  above t h e i r  minimum ne t  
pos i t i ve  suct ion pressure. 
t i o n  pressures of  about 30 and 70 psia,  respectively. 
proximately 20 and 35 p s i a  during s teady-state  operation. 
A t  MES, the  LH2 and LOX pumps had ne t  pos i t i ve  suc- 
These values were ap- 
The d a t a  of f igu re  V-9 depict  the  var ia t ion of LH2 and LOX pump housing 
These temperature measurements temperatures during and p r i o r  t o  t h e  f l i gh t .  
agree subs t an t i a l ly  with those of t h e  AC-2 f l i g h t .  
Hydraulic System 
The performance of t h e  hydraulic system during t h e  t i m e  of p a r t i c u l a r  in -  
t e r e s t  i s  exhibi ted i n  f igu re  V-10 where the hydraulic pressure var ia t ions  with 
time f o r  t h e  C - 1  and C-2 engines are plot ted from MES t o  MES plus 7 seconds. 
A t  MES, t h e  hydraulic pressures were 80 t o  110 psia. These pressure l e v e l s  are 
expected and a r e  a r e s u l t  of t he  e l e c t r i c a l l y  driven r ec i r cu la t ing  pumps t h a t  
provide s u f f i c i e n t  power t o  gimbal t h e  engine nozzles during engine-off opera- 
t ion.  Short ly  after MES as t h e  main pumps s t a r t e d  t o  accelerate ,  t h e  hydraulic 
pumps b u i l t  up pressure. I n  t h i s  instance,  both hydraulic pumps were producing 
1120 p s i a  o r  b e t t e r  p r i o r  t o  MES plus 2 seconds. Normally, t h e  hydraulic pres- 
sure  follows the  pa t te rn  establ ished by the C - 1  engine da ta  of f igu re  V-10. A t  
r e su l t ed  i n  s m a l l  momentary drops i n  hydraulic pressure t o  about 1020 ps i a  f o l -  
lowed by a quick recovery t o  i t s  previous values of 1130 psia; however, t h e  C-*2 
hydraulic system deviated from t h i s  pattern. A t  about MES plus 3.8 seconds (a  
t i m e  when no s ign i f i can t  demand of f l u i d  was ca l led  f o r ) ,  t h e  C-2 hydraulic 
pressure s t a r t e d  t o  decay, and by MES plus 4.0 seconds (a  time of considerable 
demand), t h e  C-2 pressure was down about 30 p s i  t o  1090 psia.  
quirement ex is ted  t o  cause t h i s  decline. 
t h e  magnitude of t h e  expected decrease was much g rea t e r  than normal (down t o  
840 p s i a  as compared w i t h  1020 ps i a  with the C - 1  system). In  addi t ion,  t h e  C-2 
hydraulic pressure never f u l l y  returned t o  i t s  o r ig ina l  value. A t  s l i g h t l y  
pas t  MES plus  5.0 seconds, t he  C-2 pressure was j u s t  above 1100 psia.  A t  about 
MES plus 5.1 seconds a rapid decay began, and by MES plus 7.0 seconds the  hy- 
d rau l i c  pressure had f a l l e n  t o  50 psia. 
su l t ed  i n  t h e  i n a b i l i t y  of t he  C-2 engine t o  respond t o  gimbaling commands. 
The e f f e c t  of t h i s  on vehicle control  i s  discussed i n  sec t ion  XII. FLIGHT 
CONTROL. 
mature cutoff of both engines, discussed subsequently i n  sec t ion  XIV. P m  
CENTAUR ENGINE CUTOFF'. 
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No gimbaling re- 
Furthermore, at MES plus  4 seconds, 
This l o s s  i n  hydraulic pressure re-  
The ul t imate  e f f ec t  on t h e  Centaur engines was t o  br ing about a pre- 
A descr ip t ion  of t h e  hydraulic system and l i s t  of possible  f a i l u r e  modes 
are given i n  GD/A report  BNZ 64-022. Postf l ight  t e s t i n g  r e l a t ed  t o  the  hy- 
drau l ic  f a i l u r e  and current and fu tu re  design improvements a r e  a l s o  discussed. 
The most probable causes of t h e  hydraulic f a i l u r e  are considered t o  be t h e  fa i l -  
ure  of t h e  coupling between t h e  engine pump gearbox and the  hydraulic pixp o r  
t h e  hydraulic pump shaft .  
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Peroxide System 
The var ia t ion of several  peroxide system temperatures wi th  t i m e  is  pre- 
sented i n  f igure  V-11. 
b o t t l e  temperatures f m m  before l i f t - o f f  t o  SECO i s  associated wi th  Centaur 
chilldown and f l i g h t  environment. 
sho r t ly  a f t e r  SECO and programed MECO i s  a r e s u l t  of the flow of r e l a t i v e l y  w a r m  
peroxide t o  the vernier  engines during f i r i n g .  
Supply temperatures during vernier  operation i s  about 6' o r  7' above the  bot- 
t l e  temperature. 
peroxide temperature i s  , therefore ,  above t h a t  measured (o ther  data support t h i s  
asser t ion) .  
cutoff  i s  unknown. 
The decl ine i n  the  V - 1  and V-2 nozzle f u e l  supply and 
The rap id  r i s e  i n  t he  supply temperatures 
The data also ind ica te  t h a t  t h e  
If the  measurements are assumed t o  be cor rec t ,  t h e  bulk 
The cause of the 40 t o  5 O  rise i n  b o t t l e  temperature a f t e r  engine 
The rapid rise of t he  supply temperatures a f t e r  vernier  engine shutdown 
(about 1 2  min after l i f t - o f f )  ind ica tes  tha t  t h e  supply-line thermocouples were 
acquiring heat from a source o ther  than the peroxide. 
t h e  exhaust gases from the  vern ier  engines impinged on t h e  f i t t i n g s  tha t  house 
t h e  temperature transducers. 
oxide ceased, and heat from the  hot  f i t t i n g s  produced a temperature rise. The 
r e l a t i v e  or ientat ion of t h e  V-1 and V-2 transducer f i t t i n g s  may possibly explain 
t h e  d i f fe ren t  temperature l e v e l s  a t ta ined.  
inconsistency i n  the  supply temperature ac t ion  following i t s  two operating per- 
iods (i. e., a f t e r  SECO and programed MECO) l i e s  i n  the d i f f e r e n t  duration of t he  
vern ier  operation during these two periods. 
It is  qu i t e  possible  tha t  
When the verniers  were shut o f f ,  t h e  flow of per- 
The explanation f o r  t he  apparent 
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Actual Acceptance data Time from MES, sec 
corrected to .- 
nominal inlet 50 100 150 200 &250 
conditions 
I I I 
439.8 
431.8 
429.8 
442.4 
430.3 
15,040 
15,053 
15,320 
14,975 
15,244 
430.3 
430.8 
429.7 
14,936 
14,989 
15,312 
5.01 
5.01 
5.16 
294.1 
433.7 
431.0 
429.2 
14,936 
14,976 
15,344 
5.01 
4.98 
5.23 
294.1 
436.0 
430.7 
428.9 
434.5 438.7 
430.9 
429.1 430.0 
Chamber pressure, psia 292.5 
TABU V-I. - SW-STA!I'E ENGINE €"OIIMANcE 
Specific impulse (vac), sec 
Lewis Venturi 
PWA Rggression 
PWA C 
433 432 
433.9 
431.7 
430.6 
434.6 
431.6 
430.5 
436.9 
431.8 
430.2 
Thrust (vac), lb 
Lewis Venturi 
PWA Regression 
PWA dA 
14,961 15,010 
15,215 
15,051 
15,455 
15,112 
15,060 
15,345 
14,999 
15,052 
15,250 
5.01 
5.05 1 5.05 
I 5.18 I 4'93 I Mixture ratio Lewis Venturi PWA Regression PWA C" I I I 5.05 4.95 5.05 1 5.05 5.07 5.19 5.05 5.04 5.24 
I I I 
294.3 292.1 Chamber pressure, psi8 1 291.7 I I 296.3 
C-2 engine (P641842) 
Specific impulse (vac), sec 
Lewis Venturi 
PWA Regression 
PWA C? 
432 431 
I 14,953 Thrust (vac) , lb 
Lewis Venturi 
PWA Regression 
PWA c)c 
Mixture ratio 
Lewis Venturi 
PWA Regression 
PWA C* 
14,822 
4.80 4.98 
5.27 5.12 
aPerformance affected by vehicle motion prior to premature engine cutoff. 
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TABLE V-11. - BOOST-PUMP STEADY-STATE OPERATING CONDITIONS (FIRST START) 
Boost -pump conditions Expected value F l igh t  da ta  range 
I n l e t  pressure, p s i a  1 9 . 9  
I n l e t  temperature, OR 38.6 
Turbine speed, rpm a50, 765 
Turbine i n l e t  pressure,  p s i a  "178 
Pressure r ise,  p s i  821.3 
30.5 - 31.5 
174.3  - 176.0 
34,550 - 35,150 
29.5 - 32.0 
101 - 103 
18.0 - 20.0 
36.6 - 37.5 
51,000 - 52,030 
1 7 0  - 172 
--------------- 
aAccept ance t e s t  data. 
I n l e t  pressure, p s i a  
I n l e t  temperature, OR 
Turbine speed, rpm 
Pressure rise, p s i  
Turbine i n l e t  pressure,  p s i a  
TABLE V-111.  - MAIN-PUMP SVAISY-STATE OPERATING CONDITIONS 
31.0 
176.2 
a32,880 
a28. 0 
a101 
Main-pump conditions 
C - 1  engine 
Engine manufacturer's 
nominal performance 
~~~~~ 
L H ~  pump i n l e t  pressure ( t o t a l ) ,  p s i a  
LHz pump i n l e t  temperature, OR 
LOX pump i n l e t  pressure ( t o t a l ) ,  p s i a  
LOX pump i n l e t  temperature, OR 
LOX pump speed, rpm 
LH2 pump discharge pressure, p s i a  
LOX pump discharge pressure, p s i a  
38 .4  
38.8 
59 .8  
176.6 
&11,188 
922 
464 
~~ 
40.4 - 41.2 
37.8 - 38.4 
65.6 - 66.5 
174.7 - 175.9 
11,100 - 11,200 
878 - 897 
435 - 450 
C-2  engine 
L H ~  pump i n l e t  pressure ( t o t a l ) ,  p s i a  
LHz pump i n l e t  temperature, OR 
LOX pump i n l e t  pressure ( t o t a l ) ,  p s i a  
LOX pump i n l e t  temperature, OR 
LOX pump speed, rpm 
LH2 pump discharge pressure, p s i a  
LOX pump discharge pressure, p s i a  
38.4 
38.8 
59.8 
176.6 
922 
464 
a10,985 
&Acceptance t e s t  data. 
50 
39.0 - 41.2 
37.8 - 38.6 
64.0 - 68.5 
1 7 5 . 3  - 176.0  
10,770 - 10,860 
829 - 832 
435 - 440 
- 1  m -
r;' > 
t 
a m 
U 
.- 
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P 
P 
340 
300 
260 
220 
2.6 2.6 
0 .- =I 
X .I- 
- 
e .- 
E .o al 5 2. 2 L *c 2.2 - x .- .- m 
v) = I 
L 
v) 1.8 1.8 
0 40 80 120 160 200 240 0 40 80 120 160 200 240 
Time from lift-off, sec 
(b) Sustainer and vernier. (c) Overall vehicle. 
Figure V-2. -Atlas performance. 
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(a) LOX pump. 
140 
120 
1M1 
80 
60 
40 
-800 -600 -400 -200 0 200 400 600 800 
Time from lift-off, sec 
(b) Fuel pump. 
Figure V-9. - Centaur pump housing temperatures. 
Time from MES, sec 
Figure V-10. - Variation of C-1 and C-2 hydraulic pressures 
during engine startup. 
-12 -8 -4 0 4 8 12 16 20 
Time from lift-off, min 
Figure V-11. - One or more vernier engines on from 3 min 52 sec to 
4 min 02 sec after lift-off and 10 min 19 sec to 12 min 08 sec after 
lift-off. ) 
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VI. CENTAUR PROPELLANT SYSTEMS 
I 
1 
The Centaur propel lant  tankage was contained i n  pressure s t a b i l i z e d  tanks 
Thermal. protect ion during made of 301 s t a i n l e s s - s t e e l  sk ins  0.016 inch thick.  
t h e  boos t - f l igh t  phase was provided by 1.0-inch-thick j e t t i sonab le  insu la t ion  
panels. 
g l a s s  re inforced skins  and honeycomb core f i l l e d  with polyurethane foam. 
The panels were a fabr ica ted  sandwich-type structure m a d e  of fiber- I 
I 
Tank pressurizat ion and control,  necessary f o r  s t ructural .  i n t e g r i t y ,  w a s  
adequately maintained throughout t h e  AC-3 f l i g h t .  
spec i f i ca t ion  values, and hydrogen venting during vent valve unlock periods was 
accomplished without incident.  
start stepped up t h e  hydrogen tank pressure by 1.8 p s i  and t h e  LOX tank pres- 
su re  by 3.1 p s i  t o  ensure s u f f i c i e n t  NPSH (net  pos i t i ve  suct ion head) f o r  
boost-pump start. 
Vent valves operated within 
Burp pressurizat ion ju s t  p r i o r  t o  boost-pump 
The propel lant  behavior was normal except f o r  t h e  l a t te r  port ion of t he  
f l i g h t .  V t i i i z lng  v-ehlcle CoiidLtloiis at eiiglne shiutdoun, it was possible  t o  
reconstruct  t h e  f l u i d  p r o f i l e  i n  the  LOX tank ana ly t i ca l ly  and t o  confirm t h e  
LOX boost-pump s ta rva t ion  r e su l t i ng  i n  premature MECO. 
TANK PIiESSURIZATION AND CONTROL 
The pressurizat ion schedule of both the LOX and LH2 tanks w a s  maintained 
LOXtank pres- within l i m i t s  throughout t h e  f l i g h t ,  as shown i n  f igure  VI-1. 
sures  were control led by a s ingle  vent valve t h a t  regulated between 30.2 and 
31.4 psia. This control  w a s  within specif icat ion f o r  t he  valve,  but as shown, 
it varied s l i g h t l y  from t h e  previous ground t e s t  da ta  f o r  t h i s  p a r t i c u l a r  
valve. The LOX was contained i n  t h e  near-thermal-equilibrium s t a t e  and conse- 
quently shows only s l i g h t  pressure var ia t ions during f l i g h t .  
Hydrogen tank pressure control  was effected by a d u d  vent valve configu- 
ra t ion ;  a primary valve (valve 1, f ig .  V I - 1 )  t h a t  control led between 19.7 and 
20.8 psia ,  and a secondary valve (valve 2, f i g .  V I - 1 )  t h a t ,  on ground tests, 
operated between 25.9 and 26.7 psia.  The s o l e  purpose of t he  secondary vent 
valve was a protect ion aga ins t  exceeding maximum tank pressure l i m i t s  during 
primary vent valve lockup periods. The secondary valve, however, d id  not open 
during t h e  f l i g h t .  Primary vent valve lockup periods from T - 8 t o  T + 70 sec- 
onds and during BECO, T + 148 t o  T + 158 seconds, were programed t o  l i m i t  hy- 
drogen overboard venting t o  nonhazardous times. A f i n a l  lockup period occurred 
a t  T + 226 seconds, j u s t  p r i o r  t o  tank burping and main engine f i r i n g .  The 
valve crack and reseat pressures again appear t o  vary s l i g h t l y  from t h e  p r i o r  
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ground t e s t  values, but were s t i l l  within specif icat ion.  
however, t h a t  t h i s  s l i g h t  s h i f t  i n  t h e  crack and reseat pressures i s  within t h e  
accuracy of t h e  telemetered data and may not necessar i ly  mean a s h i f t  i n  t h e  
valve operating charac te r i s t ics .  
It should be noted, 
Pressure r ise .rates i n  t h e  hydrogen tank during vent valve lockup periods, 
as shown i n  f i g u r e  VI-1, followed t h e  same general  t rend  and were i n  good agree- 
ment wi th  previous t e s t  resu l t s .  
with t h e  AC-2 f l i g h t  data i s  shown i n  table VI-I. 
Comparison of t h e  pressure r ise da ta  on AC-3 
Comparison of these  da t a  f o r  the two vehicles  i s  not conclusive, though it 
does g e n e r d l y  ind ica te  a lesser pressure r ise rate f o r  t h e  AC-3 vehicle. 
thermal insulat ion was e s sen t i a l ly  the same f o r  both f l i g h t s ;  however, t h e  AC-3 
vehicle  incorporated a much higher helium purge rate and extended ground and 
f l i g h t  purge sequence i n  conjunction with t h e  panel j e t t i s o n  system. 
ably,  t h e  increased purging operation r e su l t ed  i n  a higher heat input  t o  the 
tank; however, t h i s  input generated more vapor bubbles, espec ia l ly  near the base 
o f  t h e  tank,  and developed convection currents  su f f i c i en t  t o  agitate the l i q -  
uid,  reduce s t r a t i f i c a t i o n  i n  the surface layers ,  and produce an ove ra l l  higher 
bulk temperature. I n  essence, the  s t rong convection currents  destroyed strati- 
f i e d  layers  t h a t  are responsible f o r  higher pressure r ise rates. 
The 
Conceiv- 
A val id  cor re la t ion  of t h e  pressure rise rates f o r  t h e  two vehicles  during 
zero-gravity f l i g h t ,  t o  note t h e  heating effect with and without insu la t ion  pan- 
els, was not possible  because of the coning motion encountered on t h e  AC-3 
f l i g h t .  I n  s p i t e  of t h i s ,  however, t h e  rates were very nearly t h e  same: 1.16 
p s i  per minute f o r  M-2, and 1.22 p s i  per  minute f o r  AC-3. 
Burping of the propel lant  tanks at  T + 226 seconds, as shown i n  f i g -  
u re  VI-l(b), boosted t h e  LOX Lank pressure from 31.2 t o  34.3 ps i a  and t h e  LH2 
tank  pressure from 19.7  t o  21.5 p s i a  and assured adequate NPSH f o r  boost-pump 
start. The burping w a s  accomplished by t h e  airborne pneumatics system. Two 
solenoid valves, control led by the programer, allowed high pressure helium (2820 
p s i a )  from t h e  s torage b o t t l e  t o  flow through two 0.125-inch-diameter metering 
o r i f i c e s  into t h e  LOX and LH2 tanks. Programed valve open t i m e  w a s  0.7 second. 
This system performance was successful and represented a design change over t h e  
d e l t a  pressure switch t h a t  was not completely sa t i s f ac to ry  on AC-2. 
The hydrogen tank pressure p r o f i l e  during main engine f i r i n g  was nominal; 
however, the pressure decreased more rapidly on AC-3, 0.731 p s i  per  minute, com- 
pared with 0.485 p s i  pe r  minute on AC-2. 
influence o f  the  LH2 as it moved forward along the tank w a l l s  i n  response t o  the 
coning motion of the vehicle  r e su l t i ng  from t h e  hydraulic pump fa i lu re .  A fur-  
t h e r  reduction i n  pressure,  after ac tua l  engine shutdown at  T + 496.3 seconds, 
r e su l t ed  from continued boost-pump operation and reduced engine f u e l  flow u n t i l  
t h e  main engine f u e l  valve closed at  programed MECO, T + 621.5 seconds. 
This w a s  a t t r i b u t e d  t o  the cooling 
The post-MECO pressure r ise rate i n  the LH2 tank  during zero-gravity coast- 
ing was 1 .22  psi per  minute and was i n  very good agreement with t h e  AC-2 f l i g h t  
resu l t s .  
tank pressure u n t i l  about t h e  las t  6 seconds of the experiment, a t  which t i m e  
The attempted boost-pump restart during t h i s  period had no e f f e c t  on 
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t h e  pressure suddenly dropped. 
the  propulsion system sec t ion  shows t h a t  t h i s  t i m e  was coincident with t h e  ac- 
t u a l  boost-pump start. 
have l i q u i d  a t  t h e  i n l e t .  Once l i q u i d  entered the pump, it was rec i r cu la t ed  
Tntn t h e  t.mk through E recirculaticn l i n e  t h s t  spi.W-eli t i i e  cold 'hydrogen i n t o  
t h e  ullage. 
su re  drop. 
bu t  d id  not reach the primary valve cracking pressure p r i o r  t o  t he  loss of data. 
Referring t o  the boost-pump da ta  contained i n  
P r i o r  t o  t h i s  time, the pump was cav i t a t ing  and d id  not 
This act ion cooled t h e  u l l a g e  and r e su l t ed  i n  t h e  observed pres- 
The pressure rise after t h e  boost-pump experiment was again normal, 
HYDROGEN VEIITING 
The overboard venting of t h e  hydrogen boiloff gas from t h e  Centaur stage 
was completely successful on the AC-3 f l igh t .  
zat ion control  of t he  hydrogen boi lof f  gas during t h e  boost f l i g h t  phase was 
accomplished by using a control led vent schedule and a 50-inch vent stack con- 
f igura t ion ,  as shown i n  figure VI-2. 
T - 8 t o  T + 70 seconds and during BECO, T t l 4 8  t o  T + 158 seconds, by a pro- 
gram lockup of t he  primary vent valve. 
f i l e  ( f ig .  VI- l (a)) ,  t h e  pressure rise during the  lockup periods was all con- 
t a ined  below the upper relief valve se t t i ng ,  and venting occurred only during 
t h e  scheduled primary vent valve unlock periods. 
Safe discharge and tank  pressuri-  
Normal tank venting was disabled from 
As shown by t h e  tank  pressur iza t ion  pro- 
The vent s tack configuration was basical ly  t h e  same on AC-3 as on AC-2 ex- 
cept f o r  t he  r e l a t i v e  s tack  loca t ion  on t h e  vehicle. On AC-2, t h e  vent s tack  
was locEtec? zt the base ef t h e  conical rime fairirs, vhereas on AC-3 the s tack  
protruded from t h e  added cy l indr ica l  section of t h e  nose-fairing sk i r t .  
funct ion of t h e  s tack  was t o  discharge t h e  hydrogen away from t h e  vehicle  and 
avoid impingement of the plume wil& possible ign i t i on  sources during the ear ly  
p a r t  of t h e  f l i g h t ,  The vent s tack  w a s  disconnected a t  nose-fairing j e t t i son ,  
T + 202 seconds, after which vented gases were discharged l a t e r a l l y  through a 
nonpropulsive vent. This vent located just below the vent valves on the x-axis,  
as shown i n  f i g u r e  VI-2, w a s  intended t o  provide zero-thrust  venting during 
zero-gravity coasting. Termination of t h e  f l i g h t  p r i o r  t o  t h i s  t i m e ,  however, 
precluded any assessment of i t s  performance. 
The 
The hydrogen flow rates during t h e  two venting periods,  as shown i n  f i g -  
ure  VI-2, indicated a maximum of 0.87 pound per second at about T + 80 seconds 
during the f i rs t  venting period. A t  t h e  end of t h e  second venting period, t h e  
flow rate had reduced t o  0.28 pound per  second. 
decay may be noted at  T + 202 seconds when the vent s t ack  and nose f a i r i n g  were 
je t t isoned.  
82 pounds of hydrogen vented during t h e  two blowdown periods. 
A s l i g h t  change i n  flow rate 
In tegra t ion  of the  area under the  curves ind ica t e s  a t o t a l  of 
Vent stack heating and boundary-layer temperature measurements on t h e  ve- 
h i c l e  downstream of the vent s tack  t o  detect  hydrogen burning were all negative, 
as shown i n  table V I - I I j  t h e  m a x i m u m  boundary-layer temperature of 525O F was 
w e l l  below t h a t  required f o r  hydrogen ignition. Generally, a l l  temperatures 
were less than those measured on t h e  AC-2 f l i g h t  as shown i n  the table. The 
lower heating of the vent stack on AC-3, 490' F compared with 635O F, is  a t t r i b -  
u ted  t o  i t s  loca t ion  aft  of t h e  cone-cylinder shoulder i n  an expansion flow 
f ie ld .  
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PROPELLANT BEHAVIOR 
The propellant behavior i n  t h e  Centaur LOX and LHz tanks was nominal up 
through stage separation and f o r  about the first 5 seconds of Centaur main en- 
gine f i r ing.  
t h e  C-2 engine hydraulic power package, exci ted a f l u i d  motion away from the 
center  of t he  tanks t h a t  r e su l t ed  i n  LOXboost-pump s ta rva t ion  and a premature 
engine shutdown. Confirmation of these  events was affirmed by measurements of 
boost-pump speed and i n l e t  pressures. I n  addition, however, on t h e  basis of 
estimated propel lant  res idua ls  and measured vehicle  acce lera t ion  forces  at t h i s  
time, it was possible  t o  make an ana ly t i ca l  reconstruction of t h e  l i q u i d  pro- 
f i l e  i n  the LOXtank. 
parabol ic  d i s t r ibu t ion  with t h e  l i q u i d  displaced from t h e  LOX sump. 
conditions a t  MECO used i n  t h i s  reconstruction were as follows: 
LOXresidual, l b .  9742 
A t  t h i s  t i m e ,  however, a loss  of roll control ,  due t o  a f a i l u r e  i n  
As shown i n  f i g u r e  VI-3, t h e  l i q u i d  boundaries assume a 
The i n i t i a l  
. . . . . . . . . . . . . . . . . . . . . . . . . . . .  
Vehicle angular veloci ty ,  deg/sec . . . . . . . . . . . . . . . . . . . .  320 
Vehicle axial accelerat ion,  g ' s  . . . . . . . . . . . . . . . . . . . . .  1.59 
Under a constant angular veloci ty ,  the  surfaces  of constant pressure i n  a 
contained f l u i d  are paraboloids of revolution w i t h  a common ax i s  described by 
t h e  equation 
where 
Z height of f l u i d  above datum l i n e  
o angular veloci ty  
r tank radius 
g axial acce lera t ion  
p loca l  f l u i d  pressure 
po f l u i d  pressure at  free surface 
p f l u i d  densi ty  
A t  the  free-stream surface,  where p = po, the equation s impl i f ies  t o  
where h is  the f l u i d  depth. Using t h i s  equation and f ix ing  the l i q u i d  sur- 
f ace  f o r  the known LOX r e s idua l  give the parabol ic  f l u i d  p r o f i l e  shown i n  f i g -  
ure  VI-3. It i s  evident t h a t  t h i s  l i q u i d  d i s t r ibu t ion  i n  the  LOX tank would 
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result i n  a gas pull-through and s t a rva t ion  of t h e  boost pump resulted i n  a 
premature engine shutdown. 
Immediately after main engine shutdown, with zero a x i a l  acce le ra t ion  and 
continuing angular veloci ty ,  t he  l i q u i d  prof i le  shif ted t o  form a to rus  around 
the outer  tank  w a l l .  This movement completely uncovered t h e  LOX sump and a l s o  
the  lower l i q u i d  l e v e l  sensor a t  s t a t i o n  442.47. 
i s  shown i n  f i g u r e  VI-4, wherein the  l iqu id  l e v e l  sensor went from w e t  t o  dry 
only 6 seconds after engine shutdown. 
Confirmation of t h i s  movement 
The l i q u i d  surface p r o f i l e  i n  t h e  LH2 tank  was similar, but  it did  not 
c rea te  a problem at t h i s  time inasmuch as the hydrogen boost pump was on the 
outer  circumference of t h e  tank. Telemetry data indica ted  t h a t  t h e  LH2 boost 
pump continued t o  operate normally through this period and did not  experience 
l i q u i d  s t a rva t ion  u n t i l  some 60 seconds la te r .  
Beyond main engine flame-out at  496.2 seconds, t h e  vehicle  motion was es- 
s e n t i a l l y  an uncontrolled free fa l l ,  except f o r  res idua l  t h r u s t  due t o  vent 
gases through chilldown valves and some propellant discharging through t h e  en- 
gine. Closure of t h e  propel lant  valves and shutdown of t h e  engine boost pumps 
did not occur u n t i l  programed MECO at  624 seconds. 
The vehicle  ro t a t ion  dropped from a maximum rate of 310 t o  about 8 degrees 
pe r  second a t  programed M X O .  
t h e  vehicle  motion during t h i s  time underwent a transformation from ro ta t ion  t o  
coning a t  increasingly l a r g e r  amplitudes, and f i n a l l y  t o  an end-over-end tum- 
b l ing  mode. 
Analysis o f t h e  rate gyro data indicated that 
The forces  ac t ing  on t h e  propel lants  when the  vehicle  i s  coning about a 
f ixed  axis are shown i n  f i g u r e  VI-5. 
t h e  top  of t h e  LOX tank, approximately at s t a t ion  390, t h e  cent r i fuga l  force  
would tend t o  force  the  l i q u i d  res idua ls  outward  toward t h e  ends of t h e  vehicle,  
thereby uncovering t h e  LH2 boost pump and res tor ing  l i q u i d  t o  t h e  LOX sump. 
From t h e  f o r c e  diagram, t h e  axial component of t h e  radial accelerat ion,  due t o  
coning, m a y  be expressed by t h e  following equation: 
With the  center  of grav i ty  loca ted  near 
where R is  the 
cu i s  t h e  coning 
acce lera t ion  m a y  
where fl i s  the 
radial dis tance from t h e  coning axis t o  t h e  f l u i d  pa r t i c l e ,  
rate, and 8 is  t h e  coning angle. This a x i a l  component of 
a l s o  be expressed as 
Q2R at = - s i n  8 
p i t c h  o r  yaw rate. 
Based on t h e  coning rate about 40 seconds after W O ,  t h e  forward ac t ing  
acce lera t ion  forces  on l i q u i d  p a r t i c l e s  3 f e e t  from t h e  center  of grav i ty  would 
be of t h e  order  of 0.38 f e e t  per  second squared. A t  about 85 seconds after 
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MECO, t h i s  axial accelerat ion component increased t o  about 1.46 feet per  second 
squared. 
propellants.  
of t h r u s t  i s  only 0.0129 foot  per  second squared. 
Such a force  i s  more than enough t o  produce t h i s  displacement of t h e  
By comparison, t h e  accelerat ion during coast phase with 4 pounds 
The first pos i t ive  ind ica t ion  of the outward s e t t l i n g  of the propel lants  
i n  t h e  ends of t h e  tanks was given by t h e  forward bulkhead skin temperature 
measurements i n  t h e  LH2 tank and by t h e  l i q u i d  l e v e l  sensors i n  t he  LOX tank, 
as shown i n  f i gu res  VI-4 and 6. 
of f  qu i t e  rapidly at  MECO, and 40 seconds l a t e r  were reading a l i q u i d  indica-  
t ion .  
t h e  forward sprq j ing  stream from t h e  boost-pump rec i r cu la t ion  l i n e  i n  the LH2 
sump. 
MECO, indicated a dry t o  w e t  b l ipping 35 seconds after MECO and a continuous w e t  
indicat ion 38 seconds later. 
regained l i qu id  at  t h e  sump 85 seconds after MECO and was up t o  f u l l  operating 
pressure a t  t h e  t i m e  of programed MECO. Also, the LH2 boost pump began t o  over- 
speed indicating cavi ta t ion  about 60 seconds a f t e r  MECO, and it remained i n  t h i s  
state on through t h e  programed MECO command. 
The forward bulkhead sk in  temperatures dropped 
The i n i t i a l  cooling of the  forward bulkhead was probably a lso enhanced by 
Similarly,  the  lower l e v e l  LOX sensor, which went dry 6 seconds a f t e r  
One other  observation was tha t  t h e  LOX boost pump 
A t  programed MECO ( T  + 619.2 sec)  all H202 engines were commanded t o  come 
on. Figure VI-7 ind ica tes  t h e  f i r i n g  commands of t h e  50-pound vern ier  engines; 
V3 and V4 a re  operat ive f o r  only a shor t  period of t i m e .  During most of t h e  
boost-pump experiment, only Vi and V2 were operative,  providing only 100 pounds 
of thrust .  
Telemetry da t a  indicated t h a t  t h e  a t t i t u d e  engines d id  reduce t h e  vehicle  
The p i t ch  rate gyro indicated a decreasing amplitude from pro- 
A t  T + 719 seconds, t h e  yaw r a t e  was 8.4 degrees per  sec- 
tumbling rate.  
gramed MECO onward ( f ig .  VI-8). 
degrees per second. 
ond. The roll rate at  650 seconds was reduced t o  almost zero ( f ig .  VI-9). The 
vehicle  remained i n  t h e  tumbling, though decelerat ing,  mode throughout. 
A t  T + 678 seconds, t h e  p i tch  rate w a s  -1.94 
The boost-pump experiment was s t a r t e d  a t  T + 678 seconds. As mentioned 
earlier, the vehicle  motion caused t h e  LOX t o  move toward t h e  aft  end of t h e  LOX 
tank, and t h e  LHz toward t h e  forward end of the LH2 tank. Telemetry da ta  indi-  
cated that t h e  LOX boost pump operated normally f o r  the f u l l  50-second duration 
of the experiment. 
6 seconds before programed cutoff.  It i s  probable t h a t  t h e  t h r u s t  of t h e  a t t i -  
tude control engines caused some LH2 t o  r e tu rn  t o  t h e  i n l e t  of t h e  LH2 boost 
pump. 
t h e  temperature measurement shown i n  f i g u r e  VI -10 .  The hydrogen boost-pump in-  
l e t  temperature showed an abrupt drop t o  t h e  LH2 temperature l e v e l  about 2 sec- 
onds p r i o r  t o  t h e  ac tua l  start of the  boost pump. 
The f u e l  boost pump operated i n  an overspeed condition u n t i l  
The presence of l i q u i d  hydrogen at t h e  boost-pump i n l e t  i s  confirmed by 
Figure VI-7 ind ica tes  LH2 tank pressure h i s to ry  from T + 400 seconds t o  the 
end of powered f l i g h t .  From engine flame-out t o  programed MECO, t h e  vehicle  was 
i n  uncontrolled f l i g h t  and t h e  propel lants  were i n  a highly ag i t a t ed  state. The 
pressure prof i le  showed a general ly  downward t rend  and i s  probably ind ica t ive  of 
t h e  violent propel lant  ag i t a t ion  t h a t  destroys any s t r a t i f i c a t i o n  l a y e r  and 
cools t h e  ullage gases. 
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From programed MECO t o  T f 722 seconds, t h e  LH2 tank pressure rises at a 
rate of about 1.14 pounds per minute. 
i f i e d  l aye r  again being formed at  the  f r e e  surface of t h e  LH2. The cent r i fuga l  
force  due t o  the vehicle motion had se t t l ed  most of t h e  hydrogen at  t h e  forward 
end of t h e  vehicle. 
This i s  probably ind ica t ive  of t h e  strat- 
Telemetry data indicated t h a t  t h e  LH2 boost pump started at T f 722 sec- 
onds. 
i s  a t t r i b u t e d  t o  t h e  j e t  of f l u i d  spraying upward from t h e  LH2 boost-pump re-  
c i r cu la t ion  l i n e  and breaking up t h e  s t r a t i f i e d  layer .  
A t  t h i s  time t h e  LH2 tank pressure p ro f i l e  showed an abrupt drop. This 
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Fl igh t  Tank pressure,  p s i  
t i m e ,  
sec  
-8 - +58.2 
-8 - +71 
77 - 113.2 
None 
148.9 - 158.8 
148 - 158 
227.5 - 623.4 
242.2 - 496.3 
623.4 - 1079 
621.5 - 720 
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90 
I n i t i a l  
20.8 
20.7 
21.2 ---- 
20.3 
20.0 
2 1  
1 9 . 8  
17 .9  
15 .7  
20.8 
20.45 
S ta t ion  
192.5  
1 9 4  
182  
449 
500 
537 
544  
Maximum temperature, OF 
AC-2 AC- 3 
6 35 490 
130 130 --- 90 
440 2 60 
330 440 --- 430 
810 525 
TABLE VI-I. - PRESSuRF1 RISE DATA FOR LH2 TANK 
Total  
m, 
p s i  
Pressure r i s e  
rat  e, 
psi/min 
Vehicle Event 
F ina l  
26.2 
25.8 
5.4 
5.1 
4.89 
3.87 
I n i t i a l  vent 
valve lockup 
Second vent 
valve lockup 
BECO lockup 
AC-2 
Ac-3 
AC-2 
AC-3 
3 .9  --- 6.45 ---- 
13.3 
13.2 
Ac-2 
AG-3 
AC-2 
AC-3 
22.5 
22.2 
17 .9  
1 6 . 7  
2.2 
2.2 
-3.2 
-3.1 
-0.485 
- e  731  
Main engine 
f i r i n g  
AC-2 
AC-3 
26.8 
17 .7  
1.16 
1 .22  
8.8 
2.0 
6.0 
6 .11  
Coast phase 
26.8 
26.56 
5.3 
4 . 1  
Quadrant 
tanking 
AC-2 
AC-3 
TABLE VI-11. - VENT-STACK AND BOUNDARY-LAE3R TEMPERATLEE PROFILES 
I Location 
I 
I 
Vent s t ack  leading edge 
Vent s t ack  base 
1 . 0  in .  forward of s tack  base 
Boundary-layer probe 
I 
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(a) T - 10 seconds to T + 160 seconds. 
Time, sec 
(b) T + 160 seconds to T + 400 seconds. 
Figure VI-1. - AC-3 LO2 and LH2 tank pressures, 
brd- 67 
Time, sec 
(c) T + 400 seconds to T + 850 seconds. 
Figure VI-1. - Concluded. AC-3 LO2 and LH2 tank pressures. 
Figure VI-2. - Hydrogen vent flow rates. 
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I /Station 
1: 362.4 
I 
Figure VI-3. - Calculated LOX free surface shape at MECO. 
Lox tank Sensors protrude in to  
Dry  
cu 1% CU 12X residual LOX level 
sensor station 433.55 
Time sensor 
stays dry 
increasing 
I Blipping wet to dry ! i i 
I I  
u 
I 
! 
cu 11x 
I I 
CU 11X residual LOX level I I 
sensor station 442.47 I 
I 
I Blipping wet to dry I 
I 
I 
I I  
Time, sec 
Figure VI-4. - Residual LOX level sensor behavior. 
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\ Coning ; at 
centrifugal acceleration 
acceleration component 
normal to tank 
acceleration component i n  
axial direction, w2R sin e 
center of gravity 
axial distance from center 
of gravity 
coning radius, 1 sin e 
coning angle 
coning rate 
I \ 
Figure VI-5. - Centrifugal accelerations due to vehicle coning. 
Time from lift-off, sec 
Figure VI-6. - Forward bulkhead skin temperature. 
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Time from lift-off, sec 
Figure VI-7. - Hydrogen tank pressure profile. 
Time from lift-off, sec 
Figure VI-8. - Vehicle pitch rate, 
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50 
Time from lift-off, sec 
Figure VI-9. - Vehicle roll and yaw rates. 
Time from lift-off, sec 
Figure VI-10. - LH2 boost-pump inlet temperature. 
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VII. ENVIRONMENTAL PRESSURES AND -S 
SUMMARY 
All environmental pressures and temperatures experienced by t h e  AC-3 ve- 
h i c l e  were w e l l  within design l i m i t s  and l e s s  than predicted values. 
f a i r i n g  pressure environment exhibited the expected pressure d e c w  with de- 
creasing atmospheric pressure,  ind ica t ing  peak pressure loads during t h e  t ran-  
sonic  region of f l i g h t  w i t h  t h e  progression of the terminal shock along t h e  ve- 
h ic le .  
2 .5  pounds p e r  square inch d i f f e r e n t i a l  (psid) ,  w e l l  within t h e  design limits 
The nose- 
Peak crushing loads experienced by t h e  in t e r s t age  adapter were only 
of 7.5 psid. 
M a x i m u m  aerodynamic heating e f f e c t s  are summarized i n  table V I I - I  f o r  
selected poin ts  along t h e  vehicle. 
stage adapter  i n  l i n e  with t h e  hydrogen vent f i n  supplied no evidence of t h e  
once feared hydrogen burning during Centaur lXi2 tank venting. 
Boundary-layer temperatures on t h e  i n t e r -  
ENVIRONMENTAL PRESSUBES 
Nose-Fairing Internal  Environment 
The ambient pressure in s ide  the nose f a i r i n g  is  shown i n  f i g u r e  VII-1. 
P r i o r  t o  l i f t - o f f ,  environmental control  of t h i s  area i s  maintained by ground 
air  conditioning a t  a temperature of approximately 40° F and a pressure s l i g h t l y  
above ambient. Venting of t h i s  equipment pqyload area  was provided by 36 holes,  
1.5 inches i n  diameter spaced around t h e  circumference of t h e  cy l ind r i ca l  por- 
t i o n  of t h e  f a i r i n g  of s t a t i o n  153.61. 
of t h e  cone cyl inder  i n t e r sec t ion  i n  a low pressure region, so t h a t ,  during t h e  
ascent and acce lera t ion  through t h e  transonic speed range, t h e  nose f a i r i n g  was 
subjected t o  burst ing pressures forward and crushing pressures downstream of 
t h e  vents. As shown i n  f igu re  VII-1, t h e  maximum measured crushing load  was 
2.5 p s i  at  s t a t i o n  185. 
This placed t h e  vents j u s t  downstream 
I n  t h e  forward nose-fairing sect ion,  however, as shown i n  f i g u r e  VII-2, 
t h e  i n t e r n a l  pressure lagged t h e  ex terna l  pressure a t  the  vents, with m a x i m u m  
burs t ing  pressures  occurring a t  approximately 58 t o  60 and 80 t o  86 seconds. 
The first peak pressure of about 0.5 psid a t  58 t o  60 seconds resulted from 
pressure grad ien ts  associated with t h e  passage of a terminal shock over the 
vent holes as t h e  flow became supersonic. The lat ter peak difference,  of a 
much lesser magnitude, 0.15 t o  0.35 psid,  a t  about 80 t o  85 seconds, vas at- 
t r i b u t e d  t o  j e t  in te r fe rence  e f f e c t s  caused by t h e  efflux of t h e  vent air i n t o  
a supersonic stream. 
dropped off  t o  zero. 
These differences then diminished as t h e  ambient pressure 
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Umbilical I s land  Ramp Di f f e ren t i a l  
A s  shown i n  f igu re  V I I - 3 ,  t h e  umbilical  i s l and  ramp d i f f e r e n t i a l  pressures  
M a x i -  
exhibi ted the same pressure l ag  and peak differences at  t h e  t i m e  of passage of 
t h e  t e r m i n a l  shock downward along t h e  vehicle  as flow became supersonic. 
mum crushing loads peaked out  at  about 3.3 p s i  and then decreased rap id ly  t o  
zero along with t h e  ambient pressure. 
In t e r s t age  Adapter M a x i m u m  D i f f e ren t i a l  
Figure VII-4 depicts  t h e  m a x i m u m  d i f f e r e n t i a l  pressure experienced by t h e  
in t e r s t age  adapter. 
shows very good agreement. 
i n t e r s t age  was about 2.4 ps id  compared w i t h  t h e  design l i m i t  of 7.5 psid. 
A comparison shown between t h e  AC-2 and AC-3 f l i g h t  da t a  
The maximum crushing load a t  t h e  af t  sec t ion  of t h e  
ENVIRONMENT& TEMPERATURES 
Nose-Fairing Survey 
The nose-fairing external  and i n t e r n a l  skin temperature var ia t ion  with 
f l i g h t  t i m e  is  shown i n  f igu re  VII-5. 
aerodynamic heat ing resu l ted  i n  peak t e m  e ra tures  at  t h e  cone-sphere tangency 
point ,  60° off t h e  v e r t i c a l  axis, of 250 F a t  approximately 1 2 0  seconds. Fur- 
t h e r  af t  on t h e  conical sec t ion  of t h e  f a i r ing ,  t h e  temperatures a t t a ined  peak 
values of 220° t o  230' F, bu t  at approximately 130 seconds. The i n t e r n a l  skin 
temperature of t h e  f a i r i n g ,  primarily influenced by t h e  hea t  conduction through 
t h e  f a i r i n g  walls, varied only s l i gh t ly .  Because of t h e  conduction time through 
t h e  w a l l s ,  t h e  inner  skin temperatures d i d  not begin t o  r i s e  u n t i l  t h e  external  
surface was experiencing m a x i m u m  aerodynamic heating. 
t u r e  r i s e  beyond t h i s  time and up t o  f a i r i n g  j e t t i s o n  was only about 10' F. 
The temperature p r o f i l e s  r e su l t i ng  from 
8 
The subsequent tempera- 
Surveyor Compartment Ambient and Adapter 
These da ta  a r e  shown i n  f igu re  VII-6. As  noted, t h e  Surveyor compartment 
ambient temperature declined during t h e  i n i t i a l  port ion of t h e  f l i g h t ,  u n t i l  
approximately 100 seconds, when t h e  warming of t h e  nose-fairing sk in  due t o  
aerodynamic heating became an influencing f a c t o r  and t h e  temperature then began 
t o  r i s e ,  reaching approximately 65O F at  t h e  time of f a i r i n g  j e t t i son .  The up- 
per  two adapter temperatures a l so  were influenced by t h e  heating of t h e  f a i r i n g  
skin,  but  not t o  t h e  extent of t h e  compartment ambient. The lower two measure- 
ments, being nearer  t h e  cold bulkhead and t h e  LH2 tank, exhibi ted very l i t t l e  
e f f e c t  due t o  t h e  ambient temperature increase. The bottom temperature contin- 
ued t o  decline, although i t s  rate of decl ine was slowed considerably. 
Forward Bulkhead Skin and Insu la t ion  
The forward bulkhead insu la t ion  temperatures, shown i n  f i g u r e  V I I - 7  
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declined throughout f l i g h t ,  reaching a minimum value of -130° F at loss  of data 
acquisit ion.  The bulkhead sk in  temperatures f luc tua ted  s l i g h t l y  throughout t h e  
booster  portion of f l i g h t .  During Centaur main engine f i r i n g ,  t h e  bulkhead skin 
temperatures warmed t o  approximately -350' F and then dropped t o  near l i q u i d  hy- 
drogen Lemperatures al"ter main engine shutdown. 
t u r e s  indicated possibly LH2 spray from t h e  boost-pump re turn  l i n e  impinging on 
t h e  forward bulkhead. Also, the  inc ip ien t  coning motion of the  vehicle  at  MECO 
produced a forward movement of the  LH2 residual  i n  t he  tank. 
Tnis decrease t o  i E 2  tempera- 
External Protuberance 
The time-temperature h i s t o r i e s  of selected vehicle  ex terna l  protuberances 
i s  depicted i n  f igu re  VII-8. 
most severe aerodynamic heating, reaching a peak temperature of 480' F at  ap- 
proximately 145 seconds. Other vehicle protuberances, not extending i n t o  t h e  
flow stream s ign i f i can t ly ,  d id  not experience as high a temperature rise. Other 
f ac to r s ,  such as the insu la t ion  panel helium purge, and t h e  proximity t o  the  LH2 
tank and l i n e s ,  influenced temperature r ise .  
The leading edge of t h e  vent s t ack  experienced t h e  
Insulat ion Panel Environment 
The Centaur insu la t ion  panel temperature environment i s  shown i n  f igu re  
VII-9. The d i f fe ren t ia l .  panel temperatures, d i f fe rence  between panel inner 
skin and o u t e r  sk in  temperatures, depict. the  effect  nf a,erndyr-amic h e ~ t i r ~ .  
maximum panel d i f f e r e n t i a l  was 475O F a t  approximately 1 2 0  seconds. 
panel temperatures warmed s l i g h t l y  during f l i gh t ,  t h e  maximum being -225' F on 
t h e  LH2 boost-pump f a i r i n g  at  t h e  t i m e  of panel j e t t i son .  The external  temper- 
a tu re  corresponding t o  t h i s  point  a l s o  experienced the most rap id  temperature 
increase due t o  aerodynamic heating. 
3-0 
Internal. 
A f t  Bulkhead Skin and Radiation Shield 
The aft  bulkhead configuration comprised t h e  LOX tank skin and a 0.007- 
inch-thick rad ia t ion  heat  sh ie ld  standing 1.0 inch off  t h e  skin. The heat 
sh i e ld  was a laminate of 5 - m i l  f iberg lass ,  a l-mil aluminum-lqylar inner surface,  
and a l - m i l  polyvinyl f luo r ide  outer  surface. Temperature transducers were 
mounted i n  p a i r s  a t  corresponding locations w i t h  one on the af t  face  of t h e  
bulkhead skin and the  other  on t h e  aft  surface of t h e  heat  sh i e ld  as shown i n  
f i g u r e  VII-10. 
The sk in  temperatures shown i n  f igure  VII-10 show a s l i g h t  cooling e f f e c t  
during boost and Centaur powered f l i g h t ,  with two pronounced heating peaks at  
Atlas-Centaur separat ion and Centaur MECO. These heating peaks a re  caused by 
the  Centaur vern ier  engines f i r i n g  a t  these times, and by hot gases flowing i n t o  
t h e  void between t h e  bulkhead skin and t h e  h e a t  shield.  
n i e r  engine cu tof f ,  t h e  temperatures cool down again. An addi t iona l  cooling 
e f f e c t  during Centaur engine f i r i n g  r e su l t s  from a drop i n  t h e  LOX temperature 
due t o  a reduction i n  u l lage  pressure. 
Immediately after ver- 
LOX deplet ion with engine burning drops 
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t h e  pressure, thereby allowing t h e  l i q u i d  t o  b o i l ,  with t h e  r e su l t an t  ex t rac t ion  
of heat from the l i q u i d  bulk. 
The heat shield,  designed t o  afford rad ia t ion  shielding f o r  the LOX tank, 
exhibi tedtemperatures  t h a t  r e f l e c t  t h e  ne t  r e su l t an t  inf luence of the cold LOX 
tank, t h e  i n t e r s t a t e  adapter during boost f l i g h t ,  and exhaust plume rad ia t ion  
during Centaur engine burning. 
These temperature da t a  ( f ig .  VII-10) ind ica t e  t h a t  i n i t i a l l y  t h e  aerody- 
namic heating e f f ec t  of the in t e r s t age  adapter was countered by t h e  cold in-  
f luence of the LOX tank. The hea t  shield experienced a s l i g h t  cooling e f f ec t .  
Later, as the Centaur separated from the warm in t e r s t age  adapter and the main 
engines f i red ,  the  heat sh i e ld  cooled qu i t e  rapidly seeking a new equilibrium 
temperature. A t  Centaur main engine flame-out, the temperatures nearest  t h e  
propel lant  supply l i n e s ,  which were s t i l l  flowing propel lants ,  rapidly began t o  
cool. 
In t e r s t age  Adapter Skin and Boundary Layer 
The temperature instrumentation of the in t e r s t age  adapter i s  shown i n  f i g -  
ure  V I I - 1 1 .  Four boundary-layer temperature probes a t  t h e  flow reattachment 
poin ts  of the  hydrogen vent f i n  were provided t o  de tec t  hydrogen burning. 
drogen burning was not evident, although peak aerodynamic heating w a s  exper- 
ienced at these points ,  t h e  m a x i m u m  being approximately 500° F. Temperature 
measurements on t h e  aluminum skin  surface of the  adapter were a l so  made i n  the  
flow reattachment areas a f t  of the boost-pump f a i r i n g  and i n  t h e  proximity of 
t h e  u l lage  rocket f a i r i n g s  i n  quadrants I1 and I V .  The e f f e c t  of t h e  boost- 
pump protuberance on the l o c a l  aerodynamic heating i s  shown i n  f igu re  VII-11. 
Hy- 
Measurements located close i n  the wake of t h i s  f a i r i n g  exhibi ted l i t t l e  
Further  downstream, aerodynamic heating, t h e  temperature not exceeding 60° F. 
l o c a l  aerodynamic heating was more prevalent as flow was once more established. 
This peak temperature, approximately 110' F, occurred a t  135 seconds. 
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TABLE: VII-I. - MAXDIM AERODYNAMIC HEATING EPFECTS 
Location Time, 
T? + c) ,  
sec  
Nose-fairing sphere-cone 
LJI2 vent f i n  leading edge 
LH2 boost-pump f a i r i n g  
Boundary-layer i n  l i n e  with LH2 
In t e r s t age  adapter skin at f low 
tangency point  
vent f i n  on in t e r s t age  adapter 
reattachment poin t  aft of 
boost-pump f a i r i n g  
250 
480 
163 
503 
110 
120 
145 
120 
119 
135 
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16 
14 
12 
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Figure VII-1. - Nose-fairing pressure environment. 
Time from 2-in. motion, sec 
Figure M - 2 .  - Nose-fairing venting pressures. 
Umbilical island 
0 20 40 60 80 100 120 140 160 180 200 220 
Time from 2-in. motion, sec 
Figure M - 3 .  - Umbilical island ramp differential pressures. 
415 425 435 445 455 465 415 485 895 505 515 525 535 545 555 565 
Statior: 
Figure M - 4 .  - Interstage adapter maximum differential pressure profile. 
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Figure VLI-5. - Nose-fairing temperature survey. 
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Figure M - 6 .  - Payload adapter ring temperatures. 
Time from 2-in. motion, sec 
Figure VIl-7. - Forward bulkhead skin and insulation temperatures. 
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Figure VIl-8. - External protuberance temperature history. 
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Figure VII-11. - Interstage adapter -skin and boundary-layer temperatures. 
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VIII. SEPARATION 
SUMMARY 
The j e t t i sonab le  s t ruc tures  consisted of (1) the  insu la t ion  panels, (2)  t h e  
nose f a i r ing ,  and (3) t h e  booster stage. The insu la t ion  panels and nose fair- 
ings  were separated from the  vehicle i n  f l i g h t  f o r  t he  first time on AC-3, and 
t h e i r  successful  operation const i tuted one o f  t h e  primary f l i g h t  objectives.  
The s taging sequence had been exercised earlier on the  AC-2 f l i g h t  but  had m a l -  
functioned because of an apparent umbilical hangup. Further,  t h e  re ta rd ing  
rockets  had f a i l e d  during Lewis separat ion t e s t s ,  and a c lose  appra isa l  has been 
required of t h e i r  performance t o  regain confidence i n  t h e i r  r e l i a b i l i t y .  
The insu la t ion  panel system performed as designed and the re  was no evidence 
of abnormal behavior. The nose f a i r i n g s  separated as commanded, bu t  questions 
have been r a i sed  as t o  i t s  proper functioning a f t e r  shocks were noted ac t ing  on 
t h e  guidance packages at  t h e  time of jett isoning. It is feared  t h a t  de le te r ious  
effects on t h e  payload and t h e  guidance system m a y  result from the fa i r ing -  
j e t t i s o n  operation, and tests are current ly  being conducted t o  appraise t h e  sys- 
t e m  mnrt3 c lme ly .  
Vehicle s taging occurred normally with very l i t t l e  apparent angular motion 
of t h e  vehicle  observed throughout t h e  operation and increased confidence i n  t h e  
system. 
INSULATION PANEL 
The insulation-panel-separation system, employed for t h e  first time i n  
f l i g h t  on t h e  AC-3 vehicle,  was one t h a t  evolved out of an extensive tes t  pro- 
gram at  t h e  GD/A Point Loma tes t  f a c i l i t y .  It is  composed of (1) an extensive 
helium purge system t o  prevent i c ing  between t h e  panels and t h e  cold hydrogen 
tank, (2 )  a shaped charge pyrotechnic system t o  cut  t h e  panels free of t h e  ve- 
h i c l e ,  and (3) i n f l a t a b l e  bags between the tank and panels t o  push and rotate 
t h e  panels away from t h e  vehicle. 
Purging of t h e  insu la t ion  panel and hydrogen tank i n t e r f a c e  w a s  necessary 
under cryogenic conditions t o  prevent entrapped o r  leaking a i r  from freezing 
t h e  panels t o  the  tank. 
a lower purge r ing i n t o  an annular manifold a t  t he  base of t h e  panels as shown 
i n  f i gu re  VIiI-1. The purge gas then flowed up t h e  tank w a l l s  through corru- 
gated passages, formed by the  inner  surface of  t h e  insu la t ion  pmel s ,  and WEE 
col lec ted  i n  a similar manifold at t h e  top. Venting t h e  purge gas overboard 
was accomplished through vent openings i n  the nose-fair ing hinge pods on the  
pos i t i ve  and negative y-axes at  s t a t i o n  219. During noncryogenic operations, 
This was accomplished by in j ec t ing  gaseous helium from 
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however, a standby GN2 purge was maintained on t h e  panels a t  all times t o  pre- 
clude the  trapping o r  accumulation of any moisture between t h e  panels. 
Preparatory f o r  launch operations, t h e  purge was switched over t o  helium 
a t  T - 280 minutes, and t h e  vent a rea  and purge r a t e s  were progmned t o  give a 
thorough cycl ic  purge and maintain a s l i g h t  burst ing pressure of a t  l e a s t  0.05 
p s i  on the panels at  all times. 
negative y - a x i s  was sealed t o  preclude the  p o s s i b i l i t y  of any air  inflow due t o  
a crosswind. I n  addition, an organ-pipe design,'  as shown i n  f igu re  VIII-1, was 
employed i n  t h e  ac t ive  vent s i d e  t o  i n h i b i t  any possible  a i r  inflow from t h a t  
direct ion.  
summarized i n  f igu re  VIII-2.  As  noted, an inadvertent l o s s  of helium pressure 
occurred from T - 1 5 7  t o  T - 140.5 minutes, and the d i f f e r e n t i a l  pressure 
across the panels dropped almost t o  zero. There is  no evidence, however, t h a t  
t h i s  loss  of pressure inval idated the purged condition as t h e  j e t t i son ing  of 
the  panels w a s  completely successful. 
A t  T - 150 minutes, t h e  vent opening on the  
The sequence and performance of t h i s  purge system operation are 
Sequentially, a t  T - 18 seconds a f i n a l  airborne helium purge, u t i l i z i n g  
a b o t t l e  charged t o  3300 p i a ,  was ac t iva ted  t o  provide pos i t ive  purge pressure 
through the subsonic and t ransonic  speed range. A t  T - 8 seconds the  vent area 
w a s  increased t o  11.0 square inches t o  allow adequate blowdown during the  i n i -  
tial ascent. Then at  T + 40 seconds the vent a r ea  was stepped up t o  2 1  square 
inches t o  r e l i eve  any fu r the r  possible  pressure buildup behind t h e  panels due 
t o  rapidly changing external pressure p ro f i l e s  during t h e  t ransonic  speed range. 
The shaped charge pyrotechnic system, as shown i n  f i gu re  VIII-1, cut  t h e  
panels circumferentially a t  s t a t ions  219 and 408 and longi tudinal ly  along t h e  
panel jo in ts  intermediate i n  each quadrant. System redundancy w a s  afforded 
with detonator blocks i n  each quadrant a t  s t a t i o n  219 and t r a n s f e r  blocks i n  
each quadrant a t  s t a t ions  224 and 408. The blocks were fused wi th  PETN explo- 
s ive ,  which had a proven r e l i a b i l i t y  down t o  -300' F. 
t he  blocks, therefore ,  was c r i t i c a l  and required carefu l  i n s t a l l a t i o n  t o  insu- 
l a t e  and i s o l a t e  the blocks from t h e  cold s t ruc tu re  and cold helium purge leak- 
age. Adequate thermal protect ion was achieved and t h e  measured block tempera- 
t u re s ,  under cryogenic conditions, ranged from -2OOO t o  +3O F a t  l i f t - o f f .  
Also, telemetry measurements ava i lab le  on t h e  detonator blocks a t  s t a t i o n  219 
indicated no appreciable change during f l i g h t .  
Temperature cont ro l  of 
All systems were i n  order, and the  f i r i n g  of t he  shaped charge and the  sep- 
a ra t ion  of t h e  panels were a l l  accomplished without incident  a t  T + 1 7 7 . 5  sec- 
onds. There was no evidence of malfunction o r  of any of the  panels f reezing t o  
the  tank.  Outward ro t a t ion  of the  panels, after being cu t  by t h e  shaped charge, 
was effected by the "spring-back" i n  the  panels,  due t o  pretension i n s t a l l a t i o n  
loads and by the  i n f l a t i o n  of t h e  bags between t h e  tank and t h e  panels. These 
bags ( f i g .  V I I I - 1 )  were recessed i n  t h e  inner  face  of t h e  upper portion of t h e  
insulat ion panels and were in f l a t ed  by a charge of high-pressure helium. 
NOSE-FAIRING SYS!EM 
The AC-3 vehicle  was t h e  first Centaur f l i g h t  with a j e t t i sonab le  nose 
fa i r ing .  
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It was a l s o  t h e  first Surveyor type nose f a i r ing ,  which d i f f e red  from 
t h e  previous research and development configuration by the  inclusion of a 
54-inch cy l ind r i ca l  sec t ion  j u s t  af t  of the  cone-cylinder shoulder. 
p l e t e  nose f a i r i n g ,  conical plus cyl indrical  sect ions ( f ig .  VIII-l), were sepa- 
r a t ed  i n  halves, i n  t h e  x-z plane, and rotated away from t h e  vehicle  on hinges 
a t  the  pos i t ive  and negative y-axis at  s t a t ion  219. The separation t h r u s t  was 
supplied by two high pressure nitrogen bot t les ,  i n  t he  forward nose sec t ion ,  
discharging through two nozzles normal t o  t h e  separation plane of each nose- 
f a i r i n g  half .  
The com- 
St ruc tura l ly ,  t he  nose f a i r i n g  res ted  on t h e  219 r ing  and was secured t o  
t h e  vehicle structure by means of a circumferential  tension s t r a p  ( f ig .  VIII-1). 
This tension s t r a p  was severed by a shaped charge during t h e  insulat ion-panel  
separation, and thereaf te r ,  t h e  nose f a i r i n g  was l e f t  f ree ,  standing on t h e  219 
ring. To preclude t h e  poss ib i l i t y  of any a i r  freezing t h e  f a i r i n g  t o  t h e  tank, 
t h e  annular area between s t a t ions  208 and 219 was sealed and purged with ambient 
temperature helium supplied from the  insulation-panel-purge system. The forward 
nose sec t ion  containing t h e  two th rus to r  bo t t les  was sealed off  with a bulkhead 
a t  s t a t i o n  -9.3. This bulkhead was intended t o  reduce impingement pressures on 
t h e  lower payload area  during th rus to r  bo t t l e  f i r i ng .  
The separat ion sequence was i n i t i a t e d  by t h e  unlatch-fair ing command from 
t h e  programer a t  T + 202 seconds. 
t h e  pressure on the  mating sea l s  produced an i n i t i a l  outward movement, which, 
i n  turn,  was augmented by the  f i r i n g  of the th rus to r  b o t t l e s  a t  T + 202.5 sec- 
onds. 
clzctn scpara'lton of the  fa t r ings .  m e r e  vzs EO e-"5deiiee of ici~g or any iiiecfi- 
an ica l  interference.  
Immediately on unlatching t h e  f a i r i n g  halves, 
A l l  pos i t ion  sensors showed a uniform outward movement and apparently 
During nose-cone j e t t i son ,  a t  T + 202.52 seconds, an anomaly was detected. 
It was noted t h a t  a malfunction of the  guidance computer occurred during i ts  
235th computer cycle,  which lasts from 202.389 t o  203.149 seconds after l i f t -  
off .  Invest igat ion revealed t h a t  a t  T + 202.53 seconds, a shock w a s  detected 
by accelerometers mounted a t  t h e  payload adapter r ing, and t h e  guidance U and 
W accelerometers displayed a burs t  of posi t ive AV pulses at t h e  same time 
(da ta  obtained by GD/A; AC-3 30-day report) .  Some of t h e  possible  causes of 
t h i s  shock could have been (1) impingement of items of hardware broken loose 
during f a i r i n g  j e t t i son ,  ( 2 )  a mechanical shock wave created by the  react ion i n  
the  f a i r i n g  hinges, o r  (3) a pressure shock from t h e  th rus to r  b o t t l e  exhaust. 
This system i s  current ly  undergoing a review t o  shed more l i g h t  on possible  de- 
s ign  def ic iencies .  
STAGE 
The A t l a s  and the  Centaur a r e  physically separated subsequent t o  SECO by a 
l i n e a r  shaped charge t h a t  cuts  t h e  inters tage adapter at  s t a t i o n  413. One- 
t en th  of a second la ter  eight  re tarding (or r e t r o )  rockets spaced circumferen- 
t i a l l y  around s t a t i o n  1133 on t h e  Atlas f i r e  and decelerate  it t o  allow t h e  
Centaur t o  move away (da ta  obtained by GD/A; rept.  no. AWV 63-001). 
It is  important f o r  the  Atlas not t o  deviate appreciably from i t s  longi- 
tud ina l  alinement with t h e  Centaur because the  RL-10 engines extend 9 f e e t  i n t o  
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t h e  in t e r s t age  adapter. 
clearance between t h e  two i s  approximately 1 2  in-  
ches (see sketch (a ) ) .  
in t e r s t age  adapter may move l a t e r a l l y  with re- 
spect  t o  t he  Centaur by v i r t u e  of a compound mo- 
t i o n  of t he  Atlas. The components of t h i s  com- 
pound motion are (1) a lateral t r a n s l a t i o n  of 
the  center  of grav i ty  and ( 2 )  angular ro t a t ion  
about t he  center  of gravity.  
The minimum r a d i a l  
The forward edge of t h e  12" I 
@-c-l; 
Interstage 
adapter - \ . . C-2 engine 
I 
y-&is 
(a) Approximate clearances between Interstage 
adapter and Centaur 
all e ight  re t rorockets  f i red  
microswitches t h a t  responded 
Data obtained during AC-3 s taging indicated 
a nominal separation process with no i n t e r f e r -  
ence between the  Atlas and t h e  Centaur. The 
l i n e a r  shaped charge successful ly  cut  t h e  i n t e r -  
s tage  adapter 232.1 seconds a f t e r  l i f t - o f f ,  and 
at  approximately 232.2 seconds, as indicated by 
t o  t h e  loss  of the rocket-fair ing caps. 
The l a t e r a l  motion accelerometers located on t h e  Atlas did not provide in-  
formation t h a t  could be u t i l i z e d  t o  estimate t h e  center-of-gravity t r ans l a t ion  
due t o  t h e i r  l ack  of s e n s i t i v i t y  a t  low accelerat ion levels .  
t h e  angular ro t a t ion  component can be u t i l i z e d  i n  estimating t h e  motion of t h e  
in t e r s t age  adapter. 
mine t h e  poss ib i l i t y  of in te r fe rence  between t h e  two stages i f  a center-of- 
grav i ty  t r ans l a t ion  i s  added t o  it algebraical ly .  Rate gyros indicated a very 
low l e v e l  of Centaur angular motion. 
and displacement gyros revealed a s l i g h t  angular motion toward pos i t i ve  x- and 
y-axes. 
t i v e  y-axis, and a yaw of 3 inches toward t h e  pos i t i ve  x-axis as t h e  A t l a s  
c leared the Centaur at  a dis tance of 9 f e e t  af t  r e l a t i v e  t o  t h e  Centaur. A 
tabulat ion of  t h e  Atlas motion components, both predicted and observed, after 
9 f e e t  of longi tudinal  motion i s  shown i n  t a b l e  VIII-I. 
Therefore, only 
The r e su l t i ng  "indicated path" can be examined t o  deter-  
A c lose check between A t l a s  rate gyros 
This angular motion resu l ted  i n  a p i t ch  of 1 /2  inch toward t h e  posi-  
1 
The angular motion shown by t h e  gyros resu l ted  i n  an apparent path of t h e  
forward edge of t h e  in t e r s t age  adapter as indicated i n  f igures  VIII-3 and 4. 
If the  center-of-gravity t r ans l a t ion  d id  occur i n  t h e  yaw (x-z) plane, even 
though none i s  predicted, a motion of approximately 36 inches would be required 
t o  produce in te r fe rence  with t h e  engine. If t h e  center-of-gravity t r ans l a t ion  
occurred i n  t h e  p i t ch  (y-z) plane, and i n  the  d i rec t ion  predicted,  a motion of 
approximately 15 inches toward t h e  negative y-axis would be required t o  produce 
interference w i t h  t h e  engine. This f igu re  corresponds t o  1 2  t i m e s  t h e  calcu- 
l a t e d  value. 
The disagreement observed between t h e  predicted and ind ica ted  magnitudes 
of angular motion apparently l i e s  i n  (1) the  ind i rec tness  of determining t h e  
loca t ion  of t h e  A t l a s  center  of grav i ty  a t  t h e  t i m e  of s taging and ( 2 )  t h e  un- 
cer ta in ty  of t h e  behavior of t h e  r e s idua l  f u e l  and LOX i n  t h e  tanks. 
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TABU VIII-I. - MAGNITUDES AND DIRECTIONS OF 
ATLAS COMPONENTS OF MOTION AT FORWARD EDGE 
OF LONGITUDINAL MOTION 
Inches along x-x axis 
Translat ion 
Inches along y-y axis 
--- -ll4 1 I Rotation Total I - 1- 2 
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,-Nose fairing 
; 
,/,,-Forward bulkhead insulation 1 
.-Forward seal (station 208.4) 
-Forward purge r ing 
,-Lower helium purge manifold 
Figure Vm-1. - Nose-fairing and insulation-panel purge and jettison systems. 
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Figure Vm-2. - Insulation panel purge sequence. 
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Figure Vm-4. -Motion in x-z plane of station 413 on Atlas with respect to Centaur during staging of AC-3 
flight. 
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IX. V E H I C U  STRUCWS 
SUMMARY 
Though t h e  AC-3 vehicle f a i l e d  t o  achieve o r b i t ,  all mission object ives  of 
S t ruc tura l  i n t e g r i t y  of t h e  vehicle  was s t r u c t u r a l  s ignif icance were achieved. 
successful ly  maintained throughout t he  peak loading periods. 
the measurements were l o s t  during t h e  f l i gh t ,  information received was of accep- 
table qua l i ty  and qu i t e  valuable i n  assessing s t r u c t u r a l  performance on t h i s  
f l i g h t .  
Though a f e w  of 
I n  v i e w  of t h e  f a c t  t h a t  vehicle acceleration must be within close t o l e r -  
ances of t h e  p re f l igh t  nominal value for  the  f l i g h t  t o  be considered a success, 
it i s  possible  t o  pred ic t  vehicle i n e r t i a l  loads with a high degree of preci-  
sion. Peak longi tudinal  load f ac to r  experienced during t h e  f l i g h t  was 5.72 g ' s  
a t  BECO. Aerodynamic drag loads showed a peak value of 36,000 pounds at  
T + 62.5 seconds. 
computed from wind tunnel axial force coeff ic ient  data. 
and gus t  loads are t h e  only two f l i g h t  1md& whose mgni-t;lxles are a l m a t  en- 
bireiy subject  t o  atmospheric conditions prevai l ing on t h e  launch day. 
bending loads from these sources a r e  based on s t a t i s t i c a l  c r i t e r i a .  Bending 
loads induced by wind shears and gusts  on t h i s  f l i g h t  were, however, qu i t e  
small. 
and T + 79.5 seconds, t h e  lat ter being the higher of t h e  two. A t  s t a t i o n  800 
( s t a t i o n  of peak loading) t h e  maxim moment a t t a ined  a value of 2. 45>(106 inch- 
pounds. 
The drag load his tory  agreed reasonably w e l l  with values 
The wind shear  p r o f i l e  
L- - - - -  - Design 
The vehicle experienced two s ignif icant  bending moment peaks a t  T + 61.5 
Int imate  contact between Centaur LH2 tank and insu la t ion  panels was main- 
ta ined  throughout from launch t o  panel je t t ison.  
surable  port ion of t h e  bending load was reacted by t h e  insu la t ion  panels; how- 
ever, t h i s  was not t h e  case at  the  s t a t i o n  219 jo in t .  Contrary t o  a n d y s i s ,  a 
subs t an t i a l  pa r t  of t h e  p i t ch  plane bending moment i s  t ransmit ted through t h e  
nose-fairing hinges r a the r  than all of it through t h e  s t a t i o n  219 r ing  tension 
t i e .  This value is  variously estimated at 30 t o  57 percent of t h e  p i t ch  plane 
bending moment through t h e  nose-fairing hinges. 
of at least 6.6 p s i  across t h e  Atlas intermediate bulkhead w a s  maintained dur- 
ing launch, i t s  most c r i t i c a l  period. 
skin panels were subjected t o  sonic and aerodynamic bu f fe t  exc i ta t ion  and pos- 
s i b l y  t o  panel f l u t t e r .  
t a ined  at about T + 63 seconds. 
Data indicated t h a t  no mea- 
Pos i t ive  pressure d i f f e r e n t i a l  
Flight data show t h a t  i n t e r s t age  adapter 
A peak response of approximately 13 g * s  rms was at- 
INSTRUMfZIlTATION 
The s t r u c t u r a l  instrumentation consisted of s t r a i n  gages, pressure and 
temperature transducers, accelerometers, microphones, and angle-of-attack 
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transducers.  
i t y .  
t a t i o n  on inters tage i s  presented i n  f igu re  IX-2. 
s t a t i o n s  219, 225, 402, 408, 462, and 582. 
462 and 582 yielded da ta  not considered va l id  because it appeared t o  d r i f t  
during the period of maximum bending. 
y ie lded  valid data. Because only one s t r a i n  gage was l e f t  a t  s t a t i o n  582, no 
loads were obtained at  t h i s  s ta t ion .  A l l  s t r a i n  gages a t  s t a t ions  225, 402, 
and 408 appeared t o  y i e l d  va l id  da t a  throughout the  f l i g h t .  The i n s t a l l a t i o n  
and use of these gages i s  unique and i s  discussed i n  some detai l  i n  appendix B. 
Analysis of data from s t a t i o n  225 gages could not be cor re la ted  with an t ic ipa ted  
s t r u c t u r a l  response t o  known loads; reasons f o r  t h i s  are not c l ea r  a t  t h i s  time. 
A l l  gages a t  s t a t i o n s  402 and 408 yielded usable data. 
l oca t ed  on the nose-fairing hinges t o  measure longi tudinal  loads during nose- 
f a i r i n g  je t t ison.  
of t h e  hydrogen vent s tack  tha t  gave va l id  data from launch t o  nose-fairing 
j e t t i son .  
I n  general ,  t he  instrumentation yielded data of acceptable qual- 
Figure IX-1 shows the s t r u c t u r a l  instrumentation configuration; instrumen- 
S t r a i n  gages were loca ted  at  
Of these,  one gage each a t  s t a t i o n s  
The remaining three gages a t  s t a t i o n  462 
S ta t ion  219 gages were 
Further, there was a s ing le  s t r a i n  gage loca ted  at  t h e  base 
Pressure transducers of prime i n t e r e s t  s t ruc tu ra l ly  were the  u l lage  pres- 
There were a number of temperature mea- 
* sure  and in te rs tage  adapter d i f f e r e n t i a l  pressure measurements. Excellent da t a  
were obtained from these transducers.  
surements t h a t  were surveyed t o  ensure that temperatures a t t a ined  i n  t h e  var- 
ious elements were within t h e  capabi l i ty  of t h e  s t r u c t u r a l  material. 
Data from accelerometers and microphones mounted a t  various poin ts  on t h e  
i n t e r s t a g e  adapter were reasonable. 
transducers. O f  t h e  three angle-of-attack transducers on the vehicle,  only t h e  
nose-boom sensors yielded usable data. 
sure  sensor appeared t o  d r i f t  and did not co r re l a t e  w i t h  the other  two measure- 
ments. The accelerometer da ta  were too  noisy t o  be used d i r ec t ly ,  but general. 
t rends  were similar t o  t h e  nose-boom data. The nose-boom angle-of-attack data 
were employed t o  compute bending loads i n  t h i s  sec t ion  and are shown i n  f i g -  
u re  IV-2. 
There were no apparent f a i l u r e s  i n  these  
Response of t he  nose-cone d e l t a  pres- 
F l igh t  Bending Moments 
The Atlas-Centaur vehicle i s  launch-restr ic ted from i n - f l i g h t  winds. I n  
general ,  launch a v a i l a b i l i t y  i s  w e l l  below uni ty  during the worst months of t h e  
year. It is ,  therefore,  of consequence t o  compare loads predicted on the basis 
of wind sounding and loads ac tua l ly  induced i n  the vehicle  from t h e  same wind. 
Figure IX-3 is  a comparison of t h e  bending moment range at  s t a t i o n  405 computed 
on the basis of T - 0 hour balloon sounding and the bending loads as seen by the  
s t r a i n  gages at s t a t i o n  402. The dis tance between these two s t a t i o n s  (3  i n . )  i s  
t o o  s m a l l  t o  be of any consequence i n  the sense of bending loads. 
son i s  l imited t o  the maximum 
sure)  region. 
gus t  of a 1 - cos shape. The upper bound i s  t h e  sum of t h e  loads computed from 
t h e  wind sounding and the gust  load. 
The compari- 
a q  (a, p i t ch  angle of a t tack ;  g, dynamic pres- 
The gust  c r i t e r i a  used i n  the analysis  i s  a 40-foot-per-second 
Both analysis  and measured da ta  show 
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bending moment peaking a t  T + 61 and T + 79 seconds, t h e  analysis  peaks occur- 
r i n g  s l i g h t l y  la ter  i n  f l i g h t .  The s l i g h t  difference i n  time of predicted and 
a c t u a l  occurrence of these  peaks may be explained by t h e  f a c t  t h a t  booster per- 
formance was grea te r  than t h e  pref l igh t  nominal, t h a t  is, higher a l t i t u d e s  were 
a t ta ined  on t h e  f l i g h t  sooner than anticipated. 
The actual m a x i m u m  peak loading occurred at T + 79.5 seconds at  sta- 
t i o n  402. This compares with 
t h e  a n a l y t i c a l  value of 2.44Xl06 inch-pounds; however, it should be remembered 
t h a t  t h e  analysis  value includes a 40-foot-per-second gust load. The proba- 
b i l i t y  of occurrence of such a la rge  gust i s  extremely small. It i s  employed 
i n  the  analysis  because t h e  gust design c r i te r ion  requires  it. Except f o r  t h e  
two peaks, a c t u a l  loads were qui te  c lose to  t h e  lower bound of t h e  predicted 
range. I n  some cases, the  a c t u a l  loads were lower than t h e  lower bound. This 
indicated t h a t  t h e  analysis  i s  qui te  conservative. Though it i s  unreasonable 
t o  suggest revis ion of c r i t e r i a  on the  basis of t h i s  one f l i g h t ,  it may be i n  
order t o  reevaluate the  analysis  t o  obtain more r e a l i s t i c  loads. Substant ia l  
gains i n  launch a v a i l a b i l i t y  may be accrued i n  so doing. 
A value of 1.41Xl.06 inch-pounds was at ta ined.  
The agreement i n  loads computed from angle-of-attack da ta  and from s t r a i n  
gage d a t a  is, i n  general, qu i te  good; figures I X - 3  and 4 show a comparison of 
t h e  bending moment h is tory  a t  s t a t i o n s  402 and 462. It can be seen t h a t ,  a t  
peak loading points,  t h e  d a t a  are very close. For instance,  a t  T + 79.5 sec- 
onds and s t a t i o n  462, s t r a i n  gages indicated a bending load of 1.71Xl.06 inch- 
pounds, vkizh cmpares wi%h 1.58x106 irxh-pocnds from t h e  angle of attack. A t  
o ther  points,  t h e  agreement i s  not as good probabiy because, at  iow ioads, in-  
strumentation and other  sources of e r r o r  form a r e l a t i v e l y  la rge  p a r t  of t h e  
t o t a l  load. A t  low loads, however, even large e r r o r s  can be t o l e r a t e d  without 
endangering t h e  vehicle s t r u c t u r a l  in tegr i ty  i n  any way. 
A comparison of t h e  peak bending moment d i s t r i b u t i o n  at  T + 79 seconds and 
It is  apparent t h a t  t h e  peak bending l o a  was w e l l  within t h e  vehicle 
t h e  ava i lab le  bending s t rength d is t r ibu t ion  at t h a t  time i s  shown i n  f igure  
IX-5. 
s t r u c t u r a l  capabi l i ty .  Other than the  two peak loads a t  T + 62 and T + 79 sec- 
onds t h e  loads encountered were extremely s m a l l ;  therefore ,  it may be sa id  t h a t  
a t  no t i m e  during t h e  atmospheric phases of f l i g h t  were t h e  induced bending 
loads of such a magnitude as t o  approach the vehicle s t rength capabili ty.  
Another f a c t o r  i n  t h e  consideration of  the  wind loads i s  t h e  inherent time 
l a g  between t h e  wind sounding used as t h e  basis  f o r  the  launch decision and t h e  
a c t u a l  launch. An evaluation of t h e  r e l a t i v e  changeability of t h e  wind p r o f i l e  
during t h i s  time becomes q u i t e  important. The predicted resu l tan t  bending mom- 
en t  upper bound a t  s t a t i o n  405 based on the Rawinsonde run a t  approximately 
1O:OO GMT and t h e  12:18 GMT Rawinsonde r u n  a r e  compared i n  f igure  IX-6. 
10:15 and 12:18 GMT Rawinsonde runs are referred t o  as t h e  T - 2 and T - 0 hour 
wind sounding, respectively,  because t h i s  puts t h e  balloons a t  a l t i t u d e  approx- 
imately 2 and 0 hours ahead of the  vehicle. It i s  seen t h a t  s ign i f icant  s h i f t s  
c m  occur. For instance, t h e  m a x i m u m  peak i n  t h e  T - 2 hour sounding occurred 
a t  T + 62 seconds, while i n  t h e  T - 0 hour sounding, it occurred at T + 82.5 
seconds. 
2.45X106 inch-pounds a t  s t a t i o n  405. 
of approximately 11 percent. Conversely, it i s  a l s o  possible f o r  the  load t o  
The 
The ac tua l  value of thk maximum peak decreased from 2.75Xl.06 t o  
This represents a decrease i n  bending load 
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have increased by an equivalent amount. 
s t a t i s t i c a l  nature of r e l a t i v e  changeabili ty of t h e  wind prof i le .  
These da ta  represent  a point  on t h e  
Longitudinal Loads 
The two sources of longi tudina l  loads are t h e  i n e r t i a l  loads r e su l t i ng  
from vehible axial accelerat ion and from aerodynamic drag forces.  
seen from f igure IV-6 t h a t  t h e  f l i g h t  longi tudina l  load f ac to r s  agree very 
c lose ly  w i t h  t h e  p re f l igh t  nominal values. 
cutoff  ( T  + 148 sec)  t h e  ac tua l  f l i g h t  longi tudina l  load f a c t o r  was 5.72 g 's ,  
which compares with t h e  p r e f l i g h t  nominal value of 5.66 g 's .  I n  addition, with 
t h e  a i d  of on-board accelerometers and from radar t racking  data ,  it i s  possible  
t o  es tab l i sh  vehicle  accelerat ion f a i r l y  accurately.  
is  not only possible  t o  e s t ab l i sh  precisely t h e  i n e r t i a l  loads encountered dur- 
ing t h e  f l i gh t ,  bu t  t h a t  these  loads can be predicted qu i t e  adequately. 
It can be 
For instance,  at  booster engine 
It follows then, t h a t  it 
Further, because t h e  f l i g h t  i n e r t i a l  loads a r e  known very prec ise ly  and 
t o t a l  axial l o a d  h i s to ry  can be establ ished from strain-gage data,  it was of 
i n t e r e s t  t o  s ee  how w e l l  ana ly t i ca l  values of aerodynamic drag forces  compared 
with t h e  measured data. This i s  shown i n  f i g u r e  IX-7. The f l i g h t  aerodynamics 
drag forces  agreed qu i t e  w e l l  with the  values computed through t h e  high dynamic 
pressure region. The drag loads are generally very s m a l l  ( l e s s  than 10,000 l b )  
except f o r  approximately 30 seconds of f l i g h t  from T + 57 t o  T + 87 seconds. 
A t  t h e i r  peak value, t he  drag forces  form about 34 percent of t h e  t o t a l  a x i a l  
force.  
Insu la t ion  Panels 
The Centaur tank insulat ion-panel  system forms a dual load path. There 
has been some concern t h a t  a subs t an t i a l  p a r t  of t h e  bending load might be reac- 
t e d  by t h e  insulat ion panels. 
no pos i t ive  way t o  iden t i fy  t h e  proportion of bending load being taken by t h e  
panels. As previously shown i n  f igu re  IX-3 ,  however, a comparison of s t r a in -  
gage bending loads and bending loads computed from f l i g h t  angle-of-attack data,  
which represent t h e  loads reacted by t h e  LH2 tank  and t h e  gross vehicle  load at  
s t a t i o n  402, respectively,  shows t h a t  l i t t l e  differences exist  between t h e  two 
values,  t he  differences being within t h e  accuracy of t h e  data. It may, there- 
fo re ,  be inferred t h a t  l i t t l e ,  i f  any, of t h e  bending load  is  reacted by t h e  
in su la t ion  panels. 
Tlirough l ack  of instrumentation, t he re  has been 
To avoid uncer ta in t ies  of insu la t ion  panel f l u t t e r  and consequent s t ruc-  
t u r a l  i n t eg r i ty ,  it has been deemed highly des i rab le  t o  maintain int imate  con- 
t a c t  between t h e  insu la t ion  panels and Centaur LH2 tank  throughout t h e  f l i g h t .  
To accomplish t h i s ,  panel circumference w a s  made smaller than t h a t  of t h e  tank. 
The interference f i t  was ca l ibra ted  i n  a r i g i d  f i x t u r e  t o  be 1.25 p s i  o r  
75-pound per inch running load along t h e  longi tudina l  edge of t h e  panels. Once 
i n s t a l l e d  on t h e  tank, t h e  in te r fe rence  load  i s  re l ieved  because of (1) t h e  
r e l a t i v e  f l e x i b i l i t y  of t h e  Centaur LH2 tank  sk in  and ( 2 )  t h e  r e l a t i v e  thermal 
contraction between tank and panels at  cryogenic temperatures. 
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I n  order t o  monitor panel hoop load, two sets of strain gages were in-  
s t a l l e d  on t h e  wiring tunnel  at  s t a t ions  280 and 348. These s t a t i o n s  are 60 in-  
ches from each end and consequently avoid edge effects .  
fou r  gages, two on t h e  in s ide  and two on the outs ide of t h e  panels, i n s t a l l e d  
back-to-back. Figure I X - 8  shows d e t a i i s  of tne instai la iAon and or ientat ion.  
Thermocouples were i n s t a l l e d  t o  record temperatures at t h e  gage in s t a l l a t ion .  
Curves of s t r a i n  against  temperature were obtained by mounting t h e  gages on sec- 
t i o n s  of panels, placing these  i n  a temperature chamber, and recording gage re- 
sponse as temperature was varied. 
panel hoop load w a s  accomplished i n  a r ig id  f ix ture .  An attempt was made t o  
i s o l a t e  e f f e c t s  of f r i c t i o n  between t h e  panel and t h e  tank, bu t  r e s u l t s  were 
inconclusive. 
Each s e t  consis ted of 
The c d i b r a t i o n  of s t r a i n  gage response t o  
During the p r e f l i g h t  quadrant tanking test at  AMR, Complex 36A on June 18, 
1964, panel hoop loads were established at cryogenic temperatures based on 
s t r a i n  gage response. 
49 pounds per  inch a t  s t a t i o n  348. These are e s sen t i a l ly  t h e  panel loads at 
T - 0 seconds, t h a t  is, at  launch. Because of t he  l a c k  of available telemetry 
channels, no f l i g h t  da t a  were obtained from these  s t r a i n  gages, r e l i ance  f o r  
panel hoop load  during f l i g h t  being placed on analysis  using measured pressures 
and temperatures. 
his tory.  
These loads were 30 pounds per  inch a t  s t a t i o n  280 and 
Figure IX-9 shows t h e  estimated insu la t ion  panel hoop load 
It i s  evident from avai lab le  data t h a t  int imate  contact between the  panels 
aQll -La~k vas sa in ta ined  throughout t h e  fl igh+,.  Sqporbing evi6ence cf this  
f a c t  was obtained from s t r a i n  gages mounted on t h e  Centaur tank  a t  s t a t i o n s  225 
and 402 (see appendix B f o r  d e t a i l s  of t h i s  s t r a i n  gage system). These gages 
do respond t o  hoop loads imposed on t h e  tank by the  in su la t ion  panels. 
t h i s  was t h e  case is  indicated by t h e  shaq s t r a i n  d iscont inui ty  (data obtained 
by GD/A; rept.  no. BNZ 64-022, Aug. 15, 1964) evidenced by each of these  gages 
a t  t h e  i n s t a n t  of panel j e t t i s o n  (T + 177.5 sec) .  Analysis of these  data indi -  
cated a panel hoop load  of 73.5 pound6 per  inch at  s t a t i o n  225 and 50.8 pounds 
per  inch a t  s t a t i o n  402 a t  t h e  in s t an t  of panel je t t i son .  It should be pointed 
out  t h a t  t h e  insu la t ion  panels flare away from t h e  tank  at  s t a t i o n  394; there- 
fore, the panel hoop load obtained from s t a t ion  402 s t r a i n  gages will be some- 
what less than t h e  t r u e  value. 
That 
Nose-Fairing Hinge Loads 
Design of t h e  s t a t i o n  219 r ing  a rea  assumes t h a t  t h e  e n t i r e  ex terna l  load 
from t h e  nose f a i r i n g  t o  t h e  Centaur LH2 tank is t ransmit ted through t h e  r ing  
(da t a  obtained by GD/A; rept .  no. 63-1364, M a r .  25, 1964). The nose-fairing 
hinges serve merely t o  provide a pivot  point f o r  each ha l f  of t h e  f a i r i n g  dur- 
i ng  je t t i son .  These hinges are located on the y-y a i s ,  one on each s i d e  of t h e  
tank. Existence of these  hinges does provide another load path. 
was i n s t a l l e d  on each of t h e  hinges t o  monitor any ex terna l  load being reacted 
by the hinges. 
A s t r a i n  gage 
During the f l i g h t ,  hinge s t r a i n  f luctuat ions could only be a t t r i b u t e d  t o  
r e s i s t ance  t o  external  bending moment. 
nomenon was t h a t  approximately 5 7  percent of t h e  p i t ch  component of t h e  bending 
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A preliminary estimate of t h i s  phe- 
moment was r e s i s t e d  by t h e  hinges. A subsequent independent evaluation by GD/A 
confirmed t h e  pa r t i c ipa t ion  of t h e  hinges i n  r e s i s t i n g  ex terna l  bending moment, 
though the i r  estimate was approximately 30 percent. 
Analysis i n  t h i s  a rea  i s  continuing. Existence of t h i s  load path has 
r a i sed  many questions regarding t h e  necessi ty  of t h e  complex s t a t i o n  219 r ing  
tension t ie .  A carefu l  examination of t h i s  area i s  being undertaken. 
Hydrogen Vent Fin 
The hydrogen vent f i n  i s  designed t o  convey t h e  boi lof f  hydrogen during 
f l i g h t  a suf f ic ien t  dis tance away from t h e  vehicle t o  prevent combustible gas- 
eous hydrogen mixtures coming i n  contact  with some ign i t ion  source such as t h e  
Atlas verniers. The vent f i n  i s  mounted on t h e  nose f a i r i n g  and sees i t s  peak 
loads during maximum aq region. The f l i g h t  instrumentation consisted of one 
s t r a in  gage at t h e  base of t h e  vent stack. 
t a t i o n  a re  shown i n  f igu re  IX-10. 
The vent f i n  i n s t a l l a t i o n  and orien- 
The peak bending moment experienced during t h e  f l i g h t  was 5000 inch-pounds. 
Further,  a maximum temperature of 480° F was reg is te red  on t h e  leading edge. 
This l eve l  o f  aerodynamic heating i s  not detrimental  t o  t h e  phenolic mater ia l  
of which the vent f i n  is  made. 
Incremental Pressure Across A t l a s  Intermediate Bulkhead 
If  the d i f f e r e n t i a l  pressure i s  considered pos i t ive  with a higher pressure 
on t h e  concave ( f u e l )  s i d e  of t h e  bulkhead, a pos i t ive  d i f f e r e n t i a l  pressure i s  
necessary a t  a l l  times i n  order t o  prevent bulkhead reversal .  The problem of 
maintaining a pos i t i ve  pressure d i f f e r e n t i a l  i s  most acute  a t  t h e  time of 
launch. 
head resu l t ing  from f u l l  LOX tank and launch re lease  longi tudina l  dynamics. 
This s i t ua t ion  i s  fu r the r  aggravated by f u l l  f l i g h t  pressurizat ion i n  t h e  LOX 
tank at the same t i m e .  On t h e  AC-3 f l i g h t ,  however, bulkhead reversa l  was not 
considered a problem, though introduct ion of t h e  up-rated boosters (165,000 l b /  
booster engine) on t h e  AC-5 vehicle  reduces t h i s  margin of safety.  S t ruc tu ra l  
i n t e g r i t y  of t he  bulkhead i s  maintained on t h e  AC-5 and follow-on vehicles by a 
LOXtank pressure program, which maintains 23.5 t o  27.5 p s i  during t h e  f i r s t  
20 seconds of f l i g h t .  After t h e  first 20 seconds of f l i g h t ,  t he  Atlas LOXtank 
i s  returned t o  normal f l i g h t  pressure (28.5 t o  31.0 ps i ) .  
s t rength  capabi l i ty  is  compromised t o  a small extent  by t h i s  pressure reduction, 
t h e  loads encountered during t h e  first 20 seconds of f l i g h t  are too  low t o  be of 
any concern. 
This is  a r e s u l t  of t h e  high l i q u i d  head on t h e  LOX s ide  of t he  bulk- 
Though t h e  vehicle  
The bulkhead reversa l  problem at  launch r e s u l t s  from t h e  longi tudina l  ac- 
ce le ra t ion  of t h e  LOX above the  bulkhead. 
f a c t o r  experienced by t h e  LOX during AC-3 launch showed t h a t  t h e  maximum incre-  
mental longi tudinal  accelerat ion was 0.22 g j u s t  after launch. The t h e o r e t i c a l  
ana lys i s  had estimated a maximum incremental longi tudina l  accelerat ion of 
0.60 g. Thus, t h e  theo re t i ca l  value was extremely conservative when compared 
with actual  AC-3 f l i g h t  data. 
A study of incremental axial  load 
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The bulkhead d i f f e r e n t i a l  pressure measurement during launch w a s  reviewed. 
After applying correct ions f o r  transducer loca t ion  on t h e  bulkhead and in s t ru -  
mentation inaccuracies ,  t he  minimum value o f  d i f f e r e n t i a l  pressure w a s  6 .6  p s i  
a t  T + 1 . 4  seconds. 
2.0 ps i .  It can be seen on the  AC-3 vehicle tha t  the E' across  t h e  bulkhead 
was more than s u f f i c i e n t  t o  maintain s t ruc tu ra l  i n t eg r i ty .  The implicat ions 
f o r  AC-5 a r e  that, even without t h e  pressure program i n  the LOX tank, the lon- 
g i tud ina l  load  f a c t o r  at  launch i s  not  l i k e l y  t o  be l a r g e  enough t o  overcome 
the u l l age  pressure difference between t h e  f u e l  tank  and the  LOX tank. 
This compares with the a r b i t r a r y  minimum allowable of 
In te rs tage  Adapter Panel F l u t t e r  
There has been some concern t h a t  t he  s t r u c t u r a l  i n t e g r i t y  of the  i n t e r -  
stage adapter may be jeopardized by panel f l u t t e r  during high dynamic pressure 
f l i g h t  regime. F l u t t e r  boundaries f o r  t he  AC-3 f l i g h t  i n t e r s t age  adapter  were 
establ ished,  as discussed i n  appendix B and shown i n  f igu re  IX-11 .  Table I X - I  
shows the  f l i g h t  h i s to ry  of the panel f l u t t e r  parameter and the associated max- 
imum s t r i n g e r  load  after T + 64 seconds a t  which t i m e  vehicle  ve loc i ty  exceeded 
Mach 1. 
Applying the  values of t a b l e  I X - I  t o  f igure I X - 1 1  shows tha t  a t  no t i m e  
during the f l i g h t  does the adapter fall  within t he  f l u t t e r  boundary except per- 
haps f o r  a very few seconds around T + 64 seconds. On the  basis of t hese  data, 
it may be concluded t h a t  no panel f l u t t e r  was encountered on t h i s  f l i g h t .  A 
review sf flight measurenient ~ ~ 1 ~ 4 9  (acceierorneter mounted i n  t n e  middie of a 
sk in  panel)  shows t h a t  t h e  panels were exposed t o  high-frequency accelerat ions 
a t  launch and from T + 20 t o  T + 1 2 0  seconds. The rms value a t  launch w a s  
25 g ' s  and the  peak value a t  T + 63 seconds w a s  13 g ' s .  These data a r e  pre- 
sented i n  f i g u r e  IX-12 .  
Reference t o  f igu re  IX-13  shows t h e  response of t h e  high frequency f luc-  
t ua t ing  pressure measurements. It can be  seen tha t  the response of the sk in  
panel i s  almost i d e n t i c a l  i n  shape w i t h  the response of the  f luc tua t ing  pres- 
su re  measurement. It may, therefore ,  be inferred t h a t  high-frequency v ibra t ions  
of t h e  adapter  skin a r e  being exci ted by sonic inputs  at launch and by a com- 
b ina t ion  of sonic and aerodynamic bu f fe t  inputs during f l i g h t .  
not be pos i t i ve ly  stated t h a t  no panel f l u t t e r  was present during the f l i g h t ,  
both tes t  and f l i g h t  data ind ica te  t h a t  it was highly unlikely.  
Though it can- 
The e f f e c t  on t h e  s t ruc tu re  i s  the  same no matter what the source of ex- 
c i t a t i o n ,  t h a t  is, panel f l u t t e r  or aerodynamic bu f fe t  and sonic  pressure f luc-  
tuat ions.  The influence of all these  loads i s  t o  induce a f a t i g u e  condition 
i n  the  sk in  panels. Wind tunnel t e s t s  on a quar te r  sec t ion  of t he  in t e r s t age  
adapter w a s  conducted a t  Langley Research Center; the  general  conclusion was 
t h a t  t h e  f l u t t e r  associated with t h e  Atlas-Centaur f l i g h t  was nondetrimental. 
The p o s s i b i l i t y  of skin cracks due t o  f a t igue  from panel f l u t t e r ,  buf fe t -  
t i ng ,  or sonic  f luc tua t ing  pressure i s  always present  and should be inves t i -  
gated i n  more d e t a i l .  
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The main conclusion tha t  can be drawn on t h i s  problem i s  t h a t  s t r u c t u r a l  
i n t e g r i t y  of t h e  in t e r s t age  adapter on t h e  AC-2 and AC-3 f l i g h t s  was an un- 
qua l i f ied  success. 
TABU IX-I .  - FLIGHT HISTOFX OF PANEL F'LIlTIlCR 
PARAMETER AND MAxIIvlUM STRINGER LOAD 
F l u t t e r  parameter Fl ight  t i m e ,  
sec 
64 
68 
72 
76 
80 
84 
88 
Maximum s t r inge r  
lb 
load, 
0.397 
.496 
,546 
.593 
.637 
,696 
.770 
2 700 
2600 
2550 
2500 
3780 
2260 
25 90 
101 
-46.49 
-11.0 
146.75 
219.0 
408.0 
570.0 
960.0 
1133.0 
1356. t 
-. +Y/ nose-fairing hinge j +y rCA749S 
+x 
,r CA874T -,--AA966S 
viw D-D AA976T 
View E-E 
Figure IX-1. - AC-3 flight structures instrumentation configuration (data obtained by GDIA, 
rept. no. BNZ 64-022). (Instrument numbers ending in  S are strain gages and in  T are 
thermocouples. 1 
Figure IX-2. - lnterstage adapter vibration instrumentation flat-pattern external surface view. 
10 2 
-- 
Flight time, sec 
Figure E-3. - Comparison of predicted bending moment range at station 405 and actual 
flight loads through maximum aq regime. 
Flight time, set 
Figure E-4. - Comparison of flight bending moments at station 462 from strain-gage and stinger 
angle-of-attack data. 
10 3 
Vehicle station, in. 
Figure M-5. - Comparison of peak bending load (T+79 sec) and design limit allowable distribution. 
42 4 50 54 58 62 66 70 74 7a a2 eti 90 
Fllght time, sec 
Figure M-6. - Comparison of bending moment at station 405 based on T - 2 and T - 0 hour balloon sounding 
through maximum aq regime. 
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Figure LX-7. - Total axial and drag forces through high dynamic pressure flight regime at station 
462. 
rStrain gages\ 
A-A typical 
instrumentation (from GDlA rept. no. 5%-3353). 
Figure LX-8. - Landline insulation panel preload measurement 
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Figure E-9. - Flight history of LH2 tank insulation panel hoop load. 
Figure IX-10. - Hydrogen vent f in installation and orientation (not drawn to scale). 

40 
20 C 
0 
I I 1 1 I I I I I I I 1 I 
c 10 
E 
* 6  
- - 4  
- 
m 
a2 B -
r 2  0 
.- 2 1  
.- 
> 
.6 
.4 
.2 
-20 0 M 40 60 80 100 120 140 160 180 200 220 
Flight time, sec 
Figure LX-12. - Vibration level as recorded by AA164V accelerometer mounted on skin panel 
midpoint at station 482 (data obtained from GDlA rept. no. BNZ 64-022). Transducer com- 
mutated to record for 1 second in every 4 seconds of flight; analysis band, 20 to 2100 cps. 
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Figure LX-13. - Fluctuating pressure level distribution in psi  (rms) around Interstage adapter 
(data obtained from GDlA rept. no. BNZ 64-022). AA71P and AAW commutated to record 
for 1 second in every 8 seconds of flight; analysis band, 20 to 160 cps. 
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X. VEHICLE lsyNAMICS AND VIBRATIONS 
SUMMARY 
The booster  phase of f l i g h t  from l i f t - o f f  t o  BECO w a s  r e l a t i v e l y  "quiet" 
A t l a s  LOX pressurization i n s t a b i l i t y  a t  l i f t -  i n  low-frequency osc i l l a t ions .  
o f f ,  longi tudina l  o s c i l l a t i o n s  known as ''pogo", and 70-cps longi tudina l  per tur -  
bat ions a t  engine cutoff were all present,  but of low magnitude. Lateral bend- 
ing  mode amplitudes a l so  were of low l eve l .  , 
The v ibra t ion  environment of t he  f l i g h t  was similar t o  t h a t  of the  AC-2 
f l i g h t  and was within expected levels .  Maximum vibra t ion  levels occurred i n  
the  in t e r s t age  adapter during t h e  t i m e  between launch and BECO. 
of Centaur experienced r e l a t i v e l y  l a rge  vibrat ion l eve l s  also.  
The forward end 
LOW-FREQUENCY DYNAMICS 
Several  forms of longi tudina l  excitations were experienced from launch t o  
EECO. A t  lift-off, 6.0-cps lm&itudinal o sc i l l a t i cns  fro= Atlas LOX presauri-  
zat ion i n s t a b i l i t y  commenced, b u i l t  up t o  0.18 g s ing le  amplitude, and decayed 
by T + 15 seconds. A t  T + 137 seconds "pogo" of 11.5 cps first s t a r t e d  and 
b u i l t  up t o  0.09 g single amplitude a t  RECO minus 2 seconds and decayed t o  a 
lower l e v e l  by BECO. Longitudinal dynamic t e s t s  at  Plum Brook E-Stand ind i -  
cated a marginal "pogo" s t a b i l i t y  of Atlas-Centaur a t  approximately BECO minus 
10 seconds and 1 2  cps. During BE0 t rans ien t ,  a 70-cps longi tudina l  o s c i l l a t i o n  
(believed t o  be from engine i n s t a b i l i t y  a t  cutoff)  occurred f o r  less than 
0.1 second at  a s ing le  amplitude of 1.5 g's. 
t o r s i o n a l  o s c i l l a t i o n  i n  t h e  payload area of approximately 70 cps with a m a g -  
n i tude  of 0.15 g at 30-inch radius. 
This exc i ta t ion  a l s o  showed as a 
Bending mode amplitudes and frequencies were determined by reduction of 
t h e  rate-gyro data ,  s ince  t h e  range of t he  l a t e r a l  accelerometers was too  g rea t  
f o r  t h e  amplitudes experienced. 
show t h a t  at s t a t i o n s  1 7 2  and 675 (gyro locat ions)  def lec t ions  of the  first mode 
were qu i t e  s m a l l  and only a f r ac t ion  of t h e  design c r i t e r i a .  The first mode 
frequencies i n  both planes are compared with the predicted values i n  f igu res  
X-3 and 4. 
during t h e  booster phase of f l i g h t .  
Figures X-1 and 2 depict ing modal def lec t ions  
Second-mode osc i l l a t ions  of low magnitude were occasionally evident 
Predicted f i r s t -node  shapes are compared w i t h  a c tua l  first-mode amplitudes 
a t  s t a t i o n s  172 and 675 f o r  spec i f i c  times during t h e  booster phase i n  f igu res  
X-5 and 6. 
and t h e  predicted mode shapes were normalized t o  these  values. 
d a t a  (where ava i lab le)  were converted t o  def lect ion and then compared w i t h  t h e  
normalized predicted mode shapes: 
The Centaur rate-gyro outputs were converted t o  def lec t ion  values 
Atlas rate-gyro 
fa i r  agreement of t he  predicted with t h e  
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a c t u a l  can be seen. 
shapes f o r  T + 40 and T + 80 seconds a r e  plot ted,  
mode amplitudes are seen t o  be w e l l  within t h e  design l i m i t s .  
Also, i n  f igures  X-5 and 6, t h e  gust-design-cr i ter ia  mode 
The actual first-bending- 
VIBRATIONS 
The vibration environment of t h e  AC-3 f l i g h t  was similar t o  AC-2 and within 
The l a r g e s t  vibrat ions occurred i n  t h e  i n t e r s t a g e  adapter dur- expected levels.  
ing t h e  time between launch and BECO. 
and Q3, indicated 70.0 g r s  peak t o  peak (P-P) after 86.6 seconds of f l i g h t  
( t a b l e  X-I ) .  
u re  X - 7 .  Vibration l e v e l s  at t h e  forward end of t h e  Centaur were a l s o  f a i r l y '  
large.  The payload mounting r ing  accelerometer indicated about 45.8 g r  s (P-P) 
a t  14  seconds after BECO. The l a r g e s t  vibrat ions i n  t h e  propulsion a rea  
(21.22 g ' s )  were indicated by t h e  LHz l i n e  of t h e  C-2 pump accelerometer. 
The adapter r a d i a l  accelerometers, QZ 
Typical vibrat ion instrumentation locat ions are shown i n  f i g -  
The spectrum analysis  was performed on t h e  outputs (40 t o  2000 cps) of 
severa l  accelerometers located on t h e  forward end of t h e  Centaur in te rs tage  
adapter (adapter r ing S172/180-Y, T i~ 394.6 t o  395.6 sec; adapter r a d i a l  QZ 
and Q3, T = 86.6 t o  87.6 sec; and HZOZ b o t t l e s  Q4, T = 498.6 t o  499.6 sec)  t o  
determine t h e  frequencies of maximum energy concentration. 
one-third octave analyzer was used. ) 
( B c e l  and Kjaer 
The vibrat ion at  t h e  forward end of t h e  Centaur consisted of both s i n e  and 
random vibration with sinusoids a t  40 and 2000 cps; therefore ,  t h e  l a r g e  energy 
concentration (0.15 g2/cps) at  2000 cps was probably due t o  noise, s ince t h e  
d a t a  channel was l imi ted  t o  100 cps. The maximum energy concentration as seen 
by adapter r ing  S172/180-Y was 0.00025 g2/cps (40 t o  50 cps) ,  which i s  w e l l  be- 
low t h e  qual i f icat ion l e v e l  ( f ig .  X - 8 ( a ) ) .  
I n  the propulsion area t h e  vibrat ion was predominantly sinusoidal.  The 
m a x i m u m  concentration of energy was i n  t h e  frequency range from 800 t o  2000 cps 
with a maximum value of 0.007 g2/cps ( f ig .  X-8(b)) a t  1200  cps. 
During launch, t h e  in te rs tage  adapter experiences i t s  m a x i m u m  vibrat ion 
l e v e l  (adapter r a d i a l  accelerometers, QZ and Q3) and was predominantly random 
with a sinusoidal 0.23 g2/cps occurring a t  100 cps. 
t i o n  leve l  was 0.066 g2/cps f o r  t h e  frequency range from 500 t o  800 cps (f ig .  
The l a r g e s t  random vibra- 
X-8( C )  ). 
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255.6 - 256.1 
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Figure X-1. - First mode wind gust modal deflection. Pitch (y-z) plane. 
Flight time, sec 
Figure X-2. - First mode wind gust modal deflection. Yaw (x-z) plane. 
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Figure X-3. - Bending mode frequencies. First mode pitch (y-zl plane. 
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Figure X-4. - Bending mode frequencies. First mode yaw (x-z) plane. 
Flight time, sec 
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(a) Adapter ring S1721180-2. 
Near H& battles 44 
( c )  Adapter ring station 482 (Q2 and Q3). 
Figure X-7. - Vibra!ion instrumentation !xation. 
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(a) Forward station 400. (bl Propulsion area. 
Figure X-8. - AC-3 vibration levels. 
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(c) Interstage adapter. 
Figure X-8. - Concluded. AC-3 vibration levels (radial). 
X I .  GUIDANCE 
The Centaur i n e r t i a l  guidance system (IGS) general ly  exhibited nominal 
performance during p re f l igh t  ca l ibra t ion  and during the  open-loop powered por- 
t i o n  of t h e  AC-3 f l i g h t  even though the re  were excessive vehic le - ro l l  r a t e s  
during t h e  Centaur phase. There were some exceptions, however, t o  the nominal 
performance: 
(1) A guidance computer miscalculation occurred a t  the nose-fairing thrus-  
t o r  b o t t l e  f i r i n g  (approx. T + 205 sec).  
( 2 )  A greater-than-expected v-axis velocity e r r o r  buildup occurred t h a t  has 
been a t t r i b u t e d  t o  an azimuth gyro-compassing e r r o r  of 0.950 (prelaunch c a l i -  
b ra t ion) .  
(3) aFpareat V-gjre +,orquing e r r o r  occurred during prelaunch f i n a l  
a l ign  mode. This was determined from analysis of prelaunch computer telemetry 
information. 
(4) A t  power change-over, from external t o  i n t e rna l ,  at T - 3 minutes, a 
t r ans i en t  of approximately 0.25 f p s  occurred i n  t h e  accumulated V-channel vel- 
oci ty .  
t h e  computer t o  count t h e  accelerometer AV's 
change-over. This e r r o r  w a s  present i n  prelaunch f i n a l  a l ign  only and was 
" i n i t i a l i z e d "  out  at  T - 18 seconds when t h e  IGS went t o  f l i g h t  mode. 
It i s  present ly  believed t h a t  t h i s  t rans ien t  w a s  produced by f a i l u r e  of 
properly a t  the t i m e  of power 
A de ta i l ed  ana lys i s  of t he  AC-3 f l i g h t  t h a t  provides the basis f o r  t h i s  repor t  
i s  given by STL and GD/A ( rept .  no. BNZ 64-022) reports.  
FUNCTIONAL PERFORMANCE 
Accelerometer Loops 
The accelerometer loops appeared t o  function normally throughout f l i g h t ,  
ind ica t ing  proper response t o  the acceleration inputs,  which included t h e  t ran-  
s i e n t  at  nose-fairing th rus to r  f i r i n g  and severe miss i le  motions after vector 1. 
During nose-fairing e jec t ion  at  thrustor-bot t le  f i r i n g ,  t h e  shock as indicated 
by t h e  "W" and "Ut' accelerometer loops w a s  approximately 14.6 g's. Because t h e  
v ibra t ion  transducer outputs were commutated and t h i s  shock occurred a t  an in-  
s t a n t  when t h e  vibrat ion l e v e l  was not telemetered, t h e  exact amplitude and 
durat ion of t h e  t r ans i en t  i s  not prec ise ly  known, but  it i s  believed t o  be i n  
excess of t h e  guidance system spec i f ica t ion  fo r  shock: a maximum of 20 g t s  f o r  
119 
11 milliseconds. 
cussed i n  t h e  computer port ion of t h i s  section. 
The e f fec t  of t h i s  shock on t h e  guidance computer w i l l  be d is -  
S t a b i l i z a t i o n  Loops 
The AC-3 guidance platform response t o  the  powered f l i g h t  dynamics ind i -  
cated sa t i s fac tory  performance (see f i g .  XI-1 f o r  gimbal torque motor or ien ta-  
t i on ) .  When t h e  miss i le  l o s t  roll cont ro l  during t h e  Centaur burn, t h e  p l a t -  
form maintained i t s  i n e r t i a l  reference even though t h e  peak roll rates were of 
t h e  order of 310 degrees per  second contrasted with t h e  maximum ro ta t iona l  r a t e  
l i m i t  of 15 degrees per second required by t h e  guidance platform. 
75 seconds after Centaur shutdown, a l l  torque motor inputs  had two major t ran-  
s i e n t s  8 seconds apart .  
torque motor s igna ls  exhibited high torquing r a t e s  cha rac t e r i s t i c  of gimbal 
f l i p .  With t h e  high vehicle  rates and t h e  l a r g e  p i t c h  a t t i t u d e s ,  t h e  outer  
gimbal mechanical f l i p  i s  expected. 
middle gimbal torque motor indicated 90 percent of ful l  amplitude f o r  durations 
up t o  0.8 second. 
inner  middle gimbal t o  i t s  s tops s ince  it has only a 5 1 5 O  range. 
of accelerometer output da ta  showed s t r i n g s  of one-polarity pulses a t  these  two 
times fur ther  subs tan t ia t ing  a shock caused by t h i s  gimbal bumping t h e  stop. 
Loss of i n e r t i a l  reference may have occurred a t  these  two times, s ince  platform 
s t a b i l i t y  cannot be assured under angular r a t e s  i n  excess of 15 degrees per sec- 
ond. 
r a t i c  vehicle maneuvers, which would not be present on normal f l i g h t s .  
Approximately 
A t  approximately T + 572 and T + 580 seconds, a l l  four  
A t  T + 572 and T + 580 seconds, t h e  inner  
Torquing of t h a t  amplitude and duration probably drove t h e  
Examination 
These anomalies occurred a f t e r  powered f l i g h t  and during t h e  t i m e  of er-  
Torquing Loops 
Analysis of  p re f l igh t  da t a  KSC ground computer ana lys i s  of guidance f i n a l  
a l ign  velocity accumulations shows an unexplained e r r o r  i n  t h e  V-gyro torquing 
loop of 0.25 degree per  hour during f i n a l  align. The possible  sources of t h i s  
problem are e r ro r s  i n  22. 2-volts (d. c. ) torque pot exc i ta t ion ,  V-gyro torquer 
s ca l e  factor ,  or i n  t h e  10.6-milliampere gyro-pattern f i e l d  supply. This e r r o r  
would n o t  be evident i n  t h e  f l i g h t  of t h e  AC-3, s ince  t h e  gyro torquing loops 
were not closed. 
Examination of t h e  p re f l igh t  ca l ib ra t ion  and alignment da t a  has shown no 
anomalies t h a t  would account f o r  t h e  gyro-compassing e r r o r  of 0.95O. Normal 
gyro-compassing e r ro r s  of 0.35' have been exhibi ted by other  Centaur guidance 
systems. A thorough evaluation of t h e  analog gyro torquing s igna l  was not pos- 
s i b l e  because of t he  exceptionally l a r g e  bias values required t o  " i n i t i a l i z e "  
t h e  telemetered values t o  known computed rates. A t  present,  t h e  cause of these  
b iases  is  not known (whether i n  t h e  telemetry ca l ib ra t ions  or t h e  analog s igna l  
generation). 
t o  f a c i l i t a t e  a more accurate evaluation of gyro torquing. 
On fu tu re  f l i g h t s  t h e  d i g i t a l  torquing command w i l l  be telemetered 
Temperature Control Amplifiers 
Gyro and accelerometer TCA's  control led throughout f l i g h t ,  ind ica t ing  t h a t  
s t a b l e  i n e r t i a l  component temperatures were maintained. 
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Steer ing Loops 
The s t ee r ing  (resolvers,  inputs , and outputs) indicated normal operation 
during uncaging and vector  changes. Computer s t ee r ing  agreed t o  within 4 per- 
ent of I - c L -7 t --- Lp a  U L L S ; ~ ~  CI i n t e rp re t ive  computer simulation. 
COMrmTER 
The computer i n - f l i gh t  telemetered d i g i t a l  ve loc i ty  and pos i t ion  da ta  are 
shown i n  f igu res  XI-3 t o  6. 
nominal considerably due t o  both t h e  computer f a i l u r e  and premature engine shut- 
down. 
passed prematurely. 
of the ear ly  shutdown, never exceeded t h e  value required t o  i s sue  a MECO d i s -  
crete .  
was accomplished by backup c r i t e r i a  based on elapsed time from main engine 
start. 
The AC-3 codeword value sequence deviated from the 
When t h e  computer a r i thmet ica l  e r ro r  occurred, a SECO discrete tes t  w a s  
The second deviation came when vehicle energy, as a result 
Equation switching from Centaur phase t o  separation ( spacecraf t )  phase 
The computer malfunctioned at " thrustor  f i re"  ( T  + 203 sec)  due t o  a shock 
i n  excess of 1 7  g's at approximately 50 cps. 
of t h e  radius  vector)  and P i  (po ten t i a l  energy term) were miscalculated during 
one computer cycle. Extensive invest igat ion of t h i s  problem by GD/A, including 
computer simulations and shock t e s t ing ,  has f a i l e d  t o  establish and ver i fy  ex- 
a c t l y  what f a i l e d  (data obtained by GD/At re&. EO. ET9 64-159). 
A t  t h i s  t i m e  both &li (magnitude 
Normal overflow of hw ( t o t a l  vehicle posi t ion,  w-axis) occurred a t  
T + 827 seconds as a r e s u l t  of t h e  m a x i m u m  value allowed f o r  
s i t i o n  due t o  grav i ty)  i n  computer sca l ing  ( see  f ig .  XI-G(c)). 
Rgw (vehic le  po- 
ACCURACY 
Guidance system accuracy i s  determined by comparing t h e  telemetered values 
of computer ca lcu la ted  pos i t ion  and velocity (corrected f o r  known values of 
gyro d r i f t ,  acce le ra t ion  bias , and misalignments) with t h e  values obtained from 
Azusa I1 tracking. 
f i g .  XI-2) were: 
The t o t a l  guidance errors at 400 seconds (T + 372 sec,  see 
u veloci ty  e r ror ,  AU = -1.2 f t / s e c  
v veloci ty  e r ror ,  AV = -201 ft/sec 
W veloci ty  e r ror ,  AW = -3.6 f t / s ec  
The allowable e r r o r s  at 400 seconds (per  GD/A spec i f ica t ion  55-04040) were : 
u veloci ty  = +3.5 f t / s e c  
v veloci ty  = +5.2 f t / s e c  
W veloci ty  = 58 .4  f t / s e c  
1 2 1  
These errors can be a t t r i b u t e d  t o  a possible  60-arc-second misalignment of t h e  
W accelerometer toward t h e  U accelerometer and a gyro-compass e r r o r  t h a t  
caused a 0.95' launch azimuth misalignment of t h e  guidance platform. This er-  
ror,  due possibly t o  a change of U-gyro constant torque-drif t  parameter w a s  
caused by e i t h e r  a component s h i f t  o r  by a change i n  t h e  s tored  d r i f t  value 
t h a t  w a s  last  v e r i f i e d  i n  t h e  computer severa l  hours before launch. 
The guidance e r rors  a t  400 seconds corrected f o r  t h e  preceding accelerom- 
eter and platform misalignments and launch-day ca l ibra t ions  (with an uncer- 
t a i n t y  of 23 f t / sec  due t o  noisy da ta )  were: 
u veloci ty  e r r o r  corrected, AU,, = 2 f t / s e c  
r 
v veloci ty  e r r o r  corrected,  AV,, = 1 f t / s e c  
W veloci ty  e r r o r  corrected,  AWcorr = -6 f t / s e c  
CONCLUDING REMARKS 
Problems 
(1) A power t r a n s i e n t  during I G S  f i n a l  a l ign  apparently resu l ted  i n  a m i s -  
count of AV pulses by computer. 
( 2 )  A 2-percent V-gyro torque-loop e r r o r  exis ted during f i n a l  alignment 
t h a t  was n o t  apparent during f l i g h t .  
(3) The computer malfunction i s  a t t r i b u t e d  t o  t h e  e f fec t  of t h r u s t o r  bot- 
(4)  Estimates of guidance e r rors  a t  Centaur premature engine shutdown (un- 
t l e  f i r i n g  during nose-fairing e jec t ion  sequence. 
corrected f o r  launch-day ca l ibra t ion  and i n i t i a l  misalignments mentioned pre- 
viously) are: 
AU = -1.2 f t / s e c  
AV = -201 f t / s e c  
AW = -3.6 f t / s e c  
which were due t o  the  following problems: 
(a) Platform azimuth misalignment of 0.950 due t o  a gyro-compassing 
e r r o r  
(b) W t o  U accelerometer misalignment s h i f t  of -60 arc-seconds 
Problem Resolutions f o r  AC-4 
The ca l ibra t ion  f a c t o r s  s tored  i n  the  guidance computer w i l l  be v e r i f i e d  
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a t  approximately T - 30 minutes t o  ensure tha t  t r a n s i e n t s  have not caused 
changes i n  s to red  values. 
The range of torquing during cal ibrat ion i s  d i f f e ren t ,  f o r  the most pa r t ,  
frcr, the  rar*ge of Crr-.-....-- u u L q u 1 l e  d u ~  .---:--- ~ i i g  XI- L i i g I i t .  - -1 Therefore, t'ne gyro torquing loop 
w i l l  be monitored more closely by telemetering t h e  d i g i t a l  torquing command i n  
addi t ion t o  t h e  present ly  monitored analog torquing s ignal .  
The e f f e c t  of t h rus to r  b o t t l e  f i r i n g  w i l l  be minimized by t h e  redesign of 
t h e  pressure bulkhead located between t h e  forward equipment s h i f t  and t h e  
t h r u s t o r  b o t t l e s  i n  t h e  nose fairing. 
The newly incorporated op t i ca l  azimuth alignment system, which replaces 
t h e  gyro-compassing method i s  expected t o  eliminate t h e  platform azimith m i s -  
alignment experienced on t h i s  f l i g h t .  
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PULSE REBALANCE ELECTRONICS AND P W E R  SUPPLY 
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Figure XI-2. - Guidance minus Azusa thrust velocity comparisons compensated for launch day d values. 
(a) U-axis ( d w n  range). 
Flgure XI-3. - Thrust velocity (T-0 = 17.9 Sed. 
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Computer time, set 
(b) V-axis (cross range). 
Computer time, sec 
(c) W-axis (vertical). 
Figure XI-3. - Concluded. Thrust velocity (T-0 - 17.9 sed. 
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Finiire XT-d - Position due to thrust (T-0 = 17.9 SeC). 
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Figure XI-5, - Total velocity (T-0 = 17.9 sec). 
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Figure XI-6. - Total position (T-0 = 17.9 seck 
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XI. FLIGHT CONTROL 
Performance of t h e  Atlas s tage f l i g h t  control system w a s  completely satis- 
factory.  
hydraulic pressure of the  C-2 engine at 248 seconds. 
w a s  maintained u n t i l  496 seconds when t h e  Centaur engines shut down prematurely 
as a r e s u l t  of excessive r o l l  rates. 
The Centaur control  system functioned w e l l  considering t h e  loss of 
P i tch  and yaw s t a b i l i t y  
ATLAS 
A t  l i f t - o f f ,  an axial accelerometer showed axial  o s c i l l a t i o n s  with a m a x -  
i m u m  peak t o  peak amplitude of 0.38 g a t  a frequency of 5.8 cps. 
t i o n ,  which w a s  damped out within 15 seconds of f l i g h t ,  has been seen on AC-2 
and other Atlas vehicles. 
of t h e  t h i r d  bending mode (6.7 cps) w a s  a l s o  observed i n  both t h e  p i t c h  and yaw 
r a t e  gyros with peak t o  peak amplitudes averaging 0 .1  degree per  second 5:: b ~ t h  
planes. The oscillztions decayed In  approximateiy 2 seconds. They were prob- 
ably exci ted by t h e  vehicle-releasing mechanism. 
This o s c i l l a -  
High-frequency vibration near t h e  na tura l  frequency 
Following l i f t - o f f ,  the  A t l a s  booster f l i g h t  was smooth, and no s i g n i f i c a n t  
per turbat ions were observed u n t i l  approximately 8 2  seconds, near m a x i m u m  dynamic 
pressure, when a yaw r i g h t  t rans ien t  occurred. This was probably caused by 
aerodynamic forces  due t o  wind shear excit ing the  r i g i d  body mode. The Centaur 
p i t c h  and yaw rate gyros showed m a x i m u m  peak t o  peak amplitudes of 1 . 4  and 1 .75  
degrees per second, respectively,  a t  a frequency of 0.46 cps. 
Near t h e  gain change a t  105 seconds, a s l i g h t  first-bending-mode o s c i l l a -  
t i o n  appeared i n  t h e  p i t c h  plane and continued u n t i l  booster-sustainer separa- 
t ion.  The Centaur p i t c h  r a t e  gyro sensed amplitudes of 0.2 degree per second 
a t  a frequency of 3.2 cps a t  105 seconds increasing t o  4.6 cps at BECO. Root 
locus s tud ies  on t h e  first e l a s t i c  mode s t a b i l i t y  show pos i t ive  damping through- 
out t h e  f l i g h t .  A t  t h e  gain change, however, t h e  phase margin decreased by 
approximately 1 /2 ,  which could explain t h e  appearance of t h e  f i rs t  bending mode 
a t  t h i s  t i m e .  Prior t o  BECO, about 143  seconds, a p i t c h  o s c i l l a t i o n  diverged 
t o  a peak amplitude of 0.88 degree per second at a frequency of 1.55 cps, but  
discontinued with t h e  i n i t i a t i o n  of BECO. Coincident with t h i s  t i m e ,  a roll 
o s c i l l a t i o n  s t a r t e d  t o  bui ld  at  t h e  same frequency diverging t o  a peak t o  peak 
amplitude of 0.5 degree per  second, as sensed by t h e  Centaur roll rate gyro. 
Root locus s tud ies  have shown a l i m i t  cycle frequency of 1.56 cps p r i o r  t o  
The analysis  predicted t h a t ,  f o r  s m a l l  engine am- BECO f o r  t h e  A t l a s  LOX tank. 
p l i tudes  (below 0.3 deg), t h e  configuration i s  unstable. It appears t h a t  t h e  
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o s c i l l a t i o n  i n  roll i s  due t o  coupling of t h e  Atlas LOX slosh mode i n t o  t h e  roll 
plane. 
curred on the AC-2 f l i g h t .  
This sloshing frequency d i d  not appear i n  yaw. A similar coupling oc- 
Maximum angular 
r a t e  as sensed 
by r a t e  gyros, 
deg/sec 
Pi tch 0.2 
Y a w  .1 
Rol l  .5 
Predicted amplitude, 
deg/sec 
0.14 
.12 
- - -e 
The jett isonning of t h e  insu la t ion  panels excited t h e  first bending mode 
i n  both planes, but peak t o  peak amplitudes were s m a l l  (0.1 deg/sec) and damped 
out  i n  1.5 seconds. 
t h e  cross-coupling of t h e  Centaur LOX sloshing mode. 
No disturbance appeared i n  roll a t  t h i s  t i m e  other  than 
The second bending mode appeared t o  be exci ted during t h e  nose-fairing- 
j e t t i s o n  event. Peak t o  peak amplitude, as observed from t h e  Centaur p i t c h  
r a t e  gyro, w a s  0.5 degree per second a t  a frequency of 1 7  cps but damped out 
quickly within 0.8 second. 
No osc i l la t ions  or  control system a c t i v i t y  of s ignif icance occurred during 
t h e  remainder of t h e  A t l a s  sus ta iner  f l i g h t .  
completely s t a b l e  configuration during t h i s  time interval .  Separation of t h e  
sus ta iner  from Centaur caused only s m a l l  a t t i t u d e  changes. 
S t a b i l i t y  analyses a l so  showed a 
CENTAUR 
Unsymmetrical t h r u s t  buildup on t h e  Centaur engines w a s  nominal, and no 
abnormal pitching moments resulted.  
e ra ted  by the  f l i g h t  programer w i t h i n  allowable time bands. 
down command w a s  i n i t i a t e d  a t  246.2 seconds. A t  247.3 seconds t h e  hydraulic 
pressure for t h e  C-2 engine began t o  drop, approaching a value near zero a t  
248.7 seconds. As  a r e s u l t  of t h e  hydraulic f a i l u r e ,  t h e  C-2 engine could no 
longer respond t o  commands i n i t i a t e d  by t h e  autopi lot ,  and t h e  engine came t o  
rest a t  -0.1 degree i n  yaw and 1.5 degrees i n  pitch. 
engine introduced a constant moment about all th ree  control  axes. The roll con- 
t r o l  channel cons t i tu tes  a r a t e  feedback control  system, whereas t h e  yaw channel 
A l l  switching functions were properly gen- 
The vector  1 p i t c h  
This o f f s e t  on the  C-2 
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i s  an a t t i t u d e  and rate feedback control  system. 
nature of the  au topi lo t ,  t h e  yaw rate w a s  kept near zero, while the roll rate 
increased and eventually went off t he  telemetry scale.  
t he  roll rate, t h e  s igna l  s t rength  pattern of l i n k  6 at TEL I1 w a s  analyzed. 
Because of t h e  unsymmetrica 
To obtain an estimate of 
I n  f l i g h t ,  any ro t a t ion  of the  vehicle a f f e c t s  t h e  look angle and the  s ig-  
na l  s t rength  of the telemetry signal.  Should the  antenna move behind the  ve- 
h i c l e  with respect  t o  t h e  receiving s ta t ion,  a l o s s  i n  s igna l  s t rength  can be 
observed. The following t r a c e  shows a typ ica l  pa t t e rn  observed i n  t h e  s igna l  
s t rength  t r a c e  of l i n k  6,  radio frequency, 247.8 megacycles, received at  
TEL 11. 
1 Telemetry signal strength 1 Revolution M 
Time from main engine start, sec 
The l i n k  i s  t ransmit ted by only one antenna and therefore ,  i f  t h e  direc-  
t i o n  of' ro t a t ion  i s  constant, the separation between t w o  relative m l r ? i n m s  re- 
s u l t s  i n  t h e  time t o  complete one revolution. Figure MI-1 shows the r e su l t i ng  
roll rates from MES t o  MECO. The roll r a t e  gyro telemetry t r a c e  was used t o  
determine the  d i rec t ion  of ro ta t ion ,  and the s igna l  s t rength  telemetry t r a c e  t o  
determine r o t a t i o n a l  ra tes .  In tegra t ion  of t h e  roll rate shows that,  a f t e r  t h e  
hydraulic f a i l u r e ,  the  vehicle ro l l ed  approximately th ree  revolut ions i n  the 
negative d i rec t ion ,  reversed at  142 seconds from MES, and, at  the  t i m e  of vec- 
t o r  2 command, was almost back t o  i t s  or iginal  or ientat ion.  Figure M I - 2  a l s o  
shows that t h e  vehicle reached a n  average roll rate of 40 degrees per second 
before t h e  vector  2 command was given. 
The roll a t t i t u d e  at vector 2 command can be computed by using t h e  x and y 
reso lver  output change. A roll a t t i t u d e  computation could be made by in tegra t -  
ing  f igu re  MI-1, but  the roll r a t e s  are small before introduct ion of t h e  vec- 
t o r  2 command re su l t i ng  i n  a computation of roll r a t e ,  which involved averaging 
one revolution over a long period of t i m e .  Some doubt exis ts  as t o  whether t he  
faired curve ac tua l ly  represents t h e  t r u e  t i m e  h i s to ry  o r  roll 
rate during t h i s  period. 
telemetry gave values of x = 2.11 v o l t s  (a. c. ) and y = 1.26 
v o l t s  (a .c . )  at t h e  t i m e  of vector 2 command. The r a t i o  of 
these  two numbers i s  the  tangent of the roll angle ( see  
sketch (a ) ) .  The calculated roll angle e i s  31°. 
From t h e  reso lver  chain output, 
The re su i t an t  t rans ien t  from t h e  i n i t i a t i o n  of vector 2 
forced the  C-2 engine from its previous posi t ion t o  the mechan- 
i c a l  s top  i n  t h e  "toed out" posi t ion a t  approximately 483 sec- 
onds. The increased roll moment due t o  the C - 1  engine gimbal- 
ing i n  t h e  yaw plane increased t h e  roll rate t o  a m a x i m u m  of 
Vertical 
X @ 
(a) 
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315 degrees per  second at MECO. 
probably caused t h e  sharp decrease i n  roll rate observed after MECO. 
(496.3 see) u n t i l  619.2 seconds when t h e  a t t i t u d e  control  engines were turned 
on, t h e  vehicle was without control. 
MECO. Telemetry s igna l  s t rength  da t a  w a s  e r r a t i c ,  and it appeared t h a t  calcu- 
l a t e d  roll r a t e s  were o s c i l l a t i n g  i n  a random nature. During t h i s  time i n t e r -  
val ,  t h e  pi tch and yaw r a t e  gyros showed a diverging 0.5-cps osc i l l a t ion ,  90' 
out  of phase with each other,  gradually increasing i n  amplitude and decreasing 
i n  frequency, which indicated t h a t  energy was transformed from a pure roll at 
MECO t o  a "coning" motion composed of predominantly a yaw rate with a s m a l l  
p i t ch  r a t e  component. Following a t t i tude-cont ro l  engine ac t iva t ion  a t  pro- 
gramed MECO, rates were reduced t o  -1.85 degree per second pi tch,  and 4.61 deg- 
r e e  per  second yaw, and 4-0.25 degree per  second roll by t h e  end of t h e  con- 
t r o l l e d  burning period. 
An unsymmetrical engine shutdown t r ans i en t  
From MECO 
R o l l  rates continued t o  decrease after 
Centaur powered f l i g h t  showed rigid-body frequencies approximately 70 per- 
cent lower than those indicated by analysis.  Because of t h e  f a i l u r e  of t h e  C-2 
engine t o  gimbal, additional. ana lys i s  showed t h a t  t h e  rigid-body frequency 
would be reduced by @, therefore ,  j u s t i fy ing  t h e  low readings from telemetry. 
Sloshing frequencies were evident, but analysis  showed t h a t  t h e  Centaur 
Peak t o  peak sloshing amplitudes on t h e  yaw 
LH2 and MX frequencies a re  r e l a t i v e l y  close,  resu l t ing  i n  d i f f i c u l t  d i f fe ren-  
t i a t i o n  of LH2 o r  LOX sloshing. 
r a t e  gyro showed approximately 0.3 degree per  second. 
were evident during Centaur burn. 
No bending frequencies 
Figure XII-2 shows a comparison of t h e  s ign i f i can t  frequencies t h a t  were 
4 as a re- 
measured from telemetry and compared w i t h  analysis.  
frequencies during t h e  Centaur f l i g h t ,  which were decreased by 
s u l t  of the engine control  gain, calculated frequencies compared t o  within 
5 percent o f  calculated data. 
Aside from t h e  rigid-body 
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Time, sec 
Figure XII-1. - Vehicle roll rates from main engine startup to main engine cutoff. 
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Figure XII-2. - Comparison of experimental and analytical 
frequencies. 
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XIII. EUCTRICAL SYSTEMS 
The airborne e l e c t r i c a l  systems provide on-board e l e c t r i c a l  power storage,  
conversion, d i s t r ibu t ion ,  and protect ion,  as w e l l  as f ' u l f i l l i n g  t h e  requirements 
of instrumentation, telemetry,  t racking,  and range sa fe ty  command systems. The 
e l e c t r i c a l  power system adequately supported t h e  f l i g h t ,  with all red- l ine  mea- 
surements within t h e  spec i f ied  l i m i t s ,  and all o ther  measurements a t  t h e  ex- 
pected leve ls .  
functions during the  f l i g h t .  
of such systems, with 94.9 percent of t h e  planned measurements y ie ld ing  va l id  
data.  
of t h e  Azusa-GLOTRAC system, which resulted i n  loss of precis ion t racking of t h e  
vehicle.  
The telemetry and range safety systems experienced no m a l -  
The instrumentation exhibited r e l i a b i l i t y  t y p i c a l  
Performance of t h e  t racking systems was nominal except f o r  ea r ly  f a i l u r e  
ELECTRICAL POWER SYSTEMS 
Booster Main Battery and Inve r t e r  
The Atlas ba t t e ry  voltage at t h e  pref l igh t  load tes t  was 28.9 vo l t s ,  well 
above t h e  r ed l ine  of 28.0 vol ts .  The voltage increased throughout t h e  booster 
f l i g h t ,  as it should f o r  t h i s  type of bat tery,  t o  29.2 v o l t s  a t  T + 260 sec- 
onds. The booster  i nve r t e r  frequency was 400.6 cps u n t i l  T + 40 seconds, then 
dropped t o  400 cps f o r  t h e  remainder of the f l i g h t .  The inve r t e r  output vo l t -  
age (3 phase, 400 cps) var ied from 113.5 v o l t s  at  T - 0 t o  113.2 v o l t s  at  A t l a s -  
Centaur separation. 
Centaur Main Battery and Inve r t e r  
The main missile ba t t e ry  voltage was 27.7 v o l t s  at l i f t - o f f ,  r i s i n g  t o  
27.9 vo l t s  at  separation, and increasing t o  28.3 v o l t s  a t  T + 1078 seconds. 
During the  f l i g h t ,  t h e  i n t e r n a l  ba t t e ry  temperature rose normally from 100' F 
( T  - 0 )  t o  1220 F (T + 1050 sec) .  
400 cps throughout t h e  f l i g h t ,  with phase voltages t h a t  had m a x i m u m  va r i a t ions  
of 0.9 vol t .  
a t  loss  of TI%I signal.  
The inver te r  output frequency remained at  
The inve r t e r  case temperature rose from 107O F a t  T - 0 t o  165' F 
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TELEbETFX AND INSTRUMENTATION SYSTEMS 
A t l a s  
Two l inks were used t o  transmit 177 measurements from t h e  Atlas booster; 
ground s t a t i o n  coverage of t h e  l i n k s  i s  indicated i n  f i g u r e  XIII-1. The type of 
measurement and t h e  number of each by airborne system i s  shown i n  t a b l e  XIII-I. 
Radio-frequency l i n k  frequencies were as follows: RF-1, 229.9 megacycles and 
RF-2, 232.4 megacycles. Five measurements were inoperative o r  of poor quali ty.  
The adapter separation d i s c r e t e  i n  quadrant I V  was not received. This i s  one 
of four  breakwire d iscre tes  t h a t  defines the  time of Atlas-Centaur separation. 
Three other breakwire d iscre tes  operated properly t o  def ine t h e  a c t u a l  t i m e  of 
Atlas-Centaur separation clearly.  
s tage  adapter f a i l e d  t o  provide data. 
d i f f  erential-pressure angle-of -a t tack (yaw) measurement. 
t a ined  f r o m  t h e  angle-of-attack s t i n g e r  and p i t c h  d i f fe ren t ia l -pressure  measure- 
ments. 
cause of an opening i n  e i t h e r  t h e  harness o r  t h e  platinum w i r e  sensor. 
Two strain-gage measurements of t h e  i n t e r -  
Valid da ta  were ob- 
No data  were obtained f o r  t h e  
A LOXtank skin-temperature measurement was deleted p r i o r  t o  f l i g h t  be- 
Centaur 
Four radio-frequency l i n k s  were used t o  transmit 370 measurements from t h e  
Periods of ground s t a t i o n  coverage are shown i n  f igure  XIII-1. Centaur vehicle. 
The type of measurements by airborne system i s  shown i n  t a b l e  XIII-I. 
frequency l i n k  frequencies were as follows: RF-1, 237.8 megacycles; RF-2, 
225.7 megacycles; RF-3, 259.7 megacycles; and RF-4, 247.8 megacycles. Teleme- 
try system performance was nominal throughout t h e  f l i g h t  and all Centaur radio- 
frequency l i n k s  provided adequate s i g n a l  strength. 
r e n t  was constant at 61 milliamperes, which i s  within design limits of 45 t o  
70 milliamperes. Both t h e  RF-1 telemetry package and s igna l  conditioning pack- 
age were adequately cooled and operated on t h e  launcher at  60' F u n t i l  T - 0, 
The telemetry package temperature remained a t  approximately 60° F u n t i l  l o s s  of 
data;  signal conditioner s k i n  temperature increased t o  80° F a t  loss  of data,  
both well  within specif icat ions.  
required m i n i m u m  of 26 v o l t s  (a. c. ). Current drain at l i f t - o f f  was a nominal 
22 amperes. 
Radio- 
The RF-1 t ransmi t te r  cur- 
Telemetry b a t t e r y  voltage remained above the  
The RF-2 telemetry package skin temperature was 40' F through T c 10 min- 
The low temperature resu l ted  from mounting on t h e  forward thermal bulk- 
The s k i n  temperature remained constant u n t i l  depletion of LH2, then grad- 
utes.  
head. 
u a l l y  increased t o  48O F a t  loss  of da ta  (T + 18 min). 
f i e d  f o r  f l i g h t  i n  t h e  operating temperature range of -30' and 110' F. 
This package was quali-  
The C-2 engine aft instrumentation box temperature was constant at 42O 
u n t i l  T - 0 and decreased t o  34' F a t  separation. 
houses four pressure transducers f o r  propulsion measurements. Skin temperature 
of t h e  instrumentation box dropped t o  -62O F as a result of LH2 flow through 
t h e  engines a f t e r  t h e  premature MECO and venting of LH2. 
i n  conjunction with t h e  impingement of LH2 on sensing l i n e s  caused temporary 
The instrumentation box 
This low temperature 
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f a i l u r e  of two transducers. 
which provides a 70' F design margin. 
Normal low anticipated temperature i s  -30' F, 
The af t  instrumentation box internal.  operating temperature range was from 
55" t o  ios F, while t h e  forward instrumentation box temperature varied between 
48O and 510 F. Both temperature ranges were w e l l  within transducer l i m i t s .  
The C - l  forward instrumentation box temperature was in te rmi t ten t  and no 
usable data were obtained. Four transducers measuring engine pressures are 
housed i n  t h i s  box. A l l  functioned properly. 
Instrument at i on Fai lures  
During f i n a l  prelaunch checks, one vibration and seven temperature mea- 
surements were inoperative and were deleted. 
measurements f a i l e d  as the r e s u l t  of f u e l  venting caused by t h e  hydraulic sys- 
tem f a i l u r e .  
Four propulsion-system pressure 
The transducers had functioned properly p r i o r  t o  t h i s  anomaly. 
A forward calorimeter measurement apparently operated properly u n t i l  nose- 
f a i r i n g  je t t i son .  
b o t t l e s  damaged t h e  transducer. 
ground tests and correct ive modifications have been made on t h e  f a i r i n g  and are 
being evaluated. 
been dmaged by the pressure surge, s ince excesslve noise appeared after iiose- 
fairing j e t t i s o n .  
A t  t h a t  t i m e ,  t h e  pressure surge from nose-fairing t h r u s t o r  
An overpressure surge w a s  noted on subsequent 
A payload mounting ring accelerometer measurement may have 
Three pressure measurements yielded qua l i ta t ive  data only because of tem- 
The amplifiers w i l l  be perature  and RFI s e n s i t i v i t y  of associated amplifiers. 
replaced on AC-4 with those of another vendor. 
The Atlas-Centaur separation measurement f a i l e d  a f t e r  approximately 4 feet 
of a t o t a l  of 15 feet  of extension. This i s  a lanyard-actuated variable- 
res is tance- type transducer, and lanyard breakage i s  suspected t o  be t h e  cause. 
Proper operation was found on AC-2. 
w i t h  rewind capabi l i ty  f o r  functional t e s t  is being evaluated as a possible  re- 
placement and i s  t o  be used i n  current nose-fairing ground t e s t s ;  however, AC-4 
used t h e  same type of transducer as AC-3. 
A low-mass nylon leader-type transducer 
S i x  temperatures f a i l e d  because of open transducers o r  harness problems. 
These platinum w i r e  temperature patches continue t o  be a problem. 
ing i s  d i f f i c u l t  t o  ver i fy  i n  most patch locations,  and the patches are f rag i le .  
Harness s t r a i n  r e l i e f  w i l l  be added on future  f l i g h t s .  
Proper bond- 
The causes of f a i l u r e  of five measurements t h a t  provided no data during 
f l i g h t  have not  been determined. 
launch probably contributed t o  l o s s  of data  i n  three of these,  and improper 
s e n s i t i v i t y  adjustment i s  the probzble came of another fa i lure .  
Fa i lure  t o  p e r f o m  funct ional  checks p r i o r  t o  
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PULSE RADAR (C-BAND) TRClCKInTG 
The AC-3  c a r r i ed  two C-band radar  transponders; one on the  Centaur s t age  
and one on t h e  in t e r s t age  adapter. 
were under t h e  in su la t ion  panels u n t i l  panel j e t t i son ;  uncertainty as t o  t h e  
influence of t h e  panels on t h e  antenna pa t t e rn  led t o  i n s t a l l a t i o n  of t h e  addi- 
t i o n a l  beacon and associated antenna system on t h e  i n t e r s t a g e  adapter. 
l a t t e r  system w a s  operational till Atlas-Centaur separation, when power was re- 
moved from t h e  in t e r s t age  adapter transponder. 
The antennas f o r  t h e  upper stage system 
The 
Overall C-band t racking support was adequate, with no apparent system m a l -  
functions. 
XIII-2. 
was a primary source of data f o r  t h e  "best estimate of t r a j ec to ry . "  
The periods of good d a t a  from radar  are i l l u s t r a t e d  i n  f i g u r e  
Since Azusa da t a  were degraded because of a system malfunction, radar 
The gain margins of the  two radar systems are p lo t t ed  i n  f igu res  MII-3 
and 4. The parameters used t o  generate the p l o t s  are shown i n  t a b l e  XIII-11. 
Two radio-frequency l i n k s  were p l o t t e d  t o  support comparison of t h e  two systems 
operating simultaneously. The only radar t racking t h e  SST-131 transponder on 
t h e  in t e r s t age  adapter was the  FPQ-6 a t  Pa t r i ck  Air Force Base; t h i s  l i n k  gain 
margin i s  p l o t t e d  i n  f i g u r e  XIII-3. For comparison, t h e  upper stage SST-1O2A 
transponder gain margin i s  p lo t t ed  i n  f i g u r e  XIII-4. The evident l a c k  of 
agreement between predicted and ac tua l  margins on t h e  in t e r s t age  system p l o t  
( f ig .  XIII-3) is  probably due t o  (1) l a c k  of adequate information concerning 
t h e  ground s t a t i o n  parameters and ( 2 )  use of antenna pa t te rns ,  based on a one- 
t e n t h  sca le  model, which do not necessar i ly  r e f l e c t  the  t r u e  pa t te rns .  
disagreement i s  of l i t t l e  concern, s ince  t h e  margin i s  more than adequate 
throughout t he  operational l i f e  of the system. 
The 
The upper-stage gain margin agrees with t h e  t h e o r e t i c a l  value ( f ig .  
XI11-4), subject t o  t h e  same l i m i t a t i o n s  noted previously. 
p l o t  i s  the unexpected n u l l  a t  approximately T + 80 seconds. 
An anomaly i n  t h i s  
Comparison of t h e  s igna l  s t r eng th  t r a c e s  record.ed a t  t h e  two ground sta- 
t i o n s  (0.18 and 1.16) i nd ica t e  t h a t  t h e  in su la t ion  panels had no appreciable 
e f f e c t  on the qua l i ty  of t h e  s ignal .  Variations i n  s i g n a l  s t r eng th  due t o  lob- 
ing  or breakup of the pa t t e rn  appear t o  be t h e  same from t h e  antennas under t h e  
panels and from t h e  in t e r s t age  adapter antennas. 
It should be noted t h a t  t h e  radar  s t a t i o n s  looking a t  t h e  vehicle,  as w e l l  
as t h e  transponders themselves, d i f fe r  f o r  each system. Another d i s p a r i t y  i s  
t h e  s l a n t  range t o  each radar. I n  s p i t e  of these d i f fe rences ,  it i s  apparent 
from comparison of t h e  data t h a t  t h e r e  i s  no s i g n i f i c a n t  degradation of t h e  
upper stage radio-frequency l i n k  due t o  t h e  in su la t ion  panels covering t h e  
antennas. 
RANGE SAFETY COMMAND SUBSYSTEM 
This system experienced no malfunctions during f l i g h t .  No commands were 
s e n t  by the AFETR command t r ansmi t t e r s ,  and telemetry indicated no inadvertent 
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command generation by t h e  system. 
s t rength  throughout t h e  f l i g h t  t o  e f fec t  MECO and des t ruc t ,  had it been neces- 
sary t o  do so. 
There was adequate radio-frequency s igna l  
n -  s..zlwil bj- L-3 ----- V-rTT-T AI-  - 
n3 A L ~ u L ~ :  NLL 3 ,  bile tiieoreticai minimum gain margin w a s  w e l l  i n  
excess of t h e  1 2  decibels required by the Range. The basis f o r  ca lcu la t ion  of 
t h i s  margin i s  shown i n  t a b l e  XIII-11. Use o f  a -15 decible  airborne antenna 
gain f igure ,  t o  e s t ab l i sh  t h e  minimum gain margin (over 95 percent of the  ra- 
d i a t ion  sphere) r a the r  than average gain, pa r t i a l ly  explains t h e  d i f fe rence  be- 
tween t h e  theo re t i ca l  and measured gain margins of the  two receivers.  
maining difference is  probably due t o  conservative estimates of t r ansmi t t e r  
output, ground antenna gains, and l i n e  losses; the  difference between planned 
and ac tua l  t ra jec tory ;  and t h e  nomaally encountered e r ro r s  due t o  measurement 
inaccuracies.  
marked drop i n  s igna l  s t rength  between T + 445 and T + 555 seconds. Since t h i s  
time period corresponds t o  t h e  use of t he  f i rs t  S te r l ing  antenna a t  Grand Turk, 
it i s  apparent tha t  t h e  lo s s  of s igna l  strength i s  due t o  a reduction i n  power 
received from the  ground s t a t i o n  r a the r  than an airborne system deficiency. A 
poss ib le  explanation i s  nonoptimum alinement of t h e  antenna with t h e  vehicle  
t ra j e ctory. 
The re-  
The only s ign i f i can t  anomaly indicated by t h e  curve i s  the 
The indicated envelope ( f ig .  XIII-5) of instantaneous gain margins i l l u s -  
trates the maximum var ia t ion  of t h e  gain margin as a function of t i m e .  
r e l a t i v e l y  high-frequency f luc tua t ions  of s i g n a l  s t rength  arise from vehicle  
motion through t h e  ground antenna pat terns;  v w y h g  I n ~ k  m g l e s  frm t h e  -~eh ic l e  
antenna, and frolli the unique power divis ion of t'ne airborne r ing  coupler. 
"average gain margins" are based on v isua l  smoothing of t h e  AGC records, and 
ind ica t e  the average gain margins of each receiver as a funct ion of t i m e ,  
These 
The 
AZUSA-GLOTRAC SYSTEM 
The Azusa transponder i s  carr ied on t h e  Centaur t o  provide precis ion 
metr ic  da ta ,  primarily t o  assist i n  guidance evaluation. 
i s  t o  provide real time da ta  f o r  t h e  Range Safety impact predictor  computer. 
A secondary funct ion 
On t h e  AC-3 f l i g h t ,  precis ion t racking was obtained only from T + 8.8 t o  
T + 38.6 seconds; t h e  only s ign i f i can t  t i m e  period during which the f i n e  range 
parameter was avai lable .  This deficiency was due t o  the  l o s s  of phase lock at  
about T + 40 seconds, after which the  transponder w a s  unable t o  maintain phase 
lock  f o r  periods long enough t o  obtain f i n e  range data. 
range da ta  were ava i lab le  f o r  t he  impact predictor computer t o  T + 630 seconds 
but  was of good quantity only t o  T + 430 seconds. 
Intermediate or coarse 
Pos t f l igh t  invest igat ion of t h e  Azusa f a i lu re  revealed tha t  t h e  most prob- 
ab le  cause of f a i l u r e  was an "improvement'l that  had been recent ly  i n s t a l l e d  i n  
the f l i g h t  transponder. The modification included the addi t ion of a sh ie ld  be- 
tween the power supply and radio-frequency sections of the  transponder; a 
t r a n s i s t o r  socket terminal apparently shorted t o  t h i s  shield,  making the  trans- 
ponder unable t o  a t t a i n  phase lock. 
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1 (CAPE) 5 (SANS&) 7 (Grand Turk) 
Low, 
600 w 
High, 1 2 1 2 
10 kw 
TABLE XTII-11. - AC-3 M G E  SAFETY COMMAND RADIO-FREQUENCY-LINK 
GAIN MARGIN PERAMETERS 
[Minimum gain margin is  difference from table minus path loss. 
Path l o s s  i n  decibels  i s  14.5 - 20 log  R, where R i s  s l a n t  
range i n  feet. 1 
I Mode 
I Power I Antenna I Antenna 
0 102 165 345 444 555 702 
58 - 
10 
- 15 
-2 
70 
10 
- 15 
-2  
70 70 
15 
- 15 
-2 
70 
15 
-15 
-2 
70 
15 
-15 
-2  
Ground antenna 
power out, dbm 
Ground antenna 
gain, db 
Minimum vehicle  
antenna gain, db 
Vehicle l i n e  l o s s ,  db 
15 
- 15 
-2 
68 I Total  5 1  63 68 68 68 
I Receiver s e n s i t i v i t y ,  dbm -97 -97 -97 -97 -97 -97 
I Difference 148 160 165 165 165 165 
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Station Station 
number 
1 CAPE 
(TEL II) 
1 CAPE 
(TEL IJl) 
3 CBI 
91 ANT 
Link, 
megacycles 
229.9, 232.4 
225.1, 237. a, 241. a, 
225.1, 231. a, 247. a, 
229.9, 232.4 
225.1, n i .  a, 241. a 
225.1, 237. a, 241. a, 
259.1 
259.1 
259.1 
259.1 
-m -100 0 loo 200 300 400 500 600 l o o  900 loo0 1100 
Coverage time, sec 
Figure XlII-1. - AC-3 telemetry coverage. (Stations 12 (Ascension), 13 
(Pretoria) and ORV (Atlantic ship) did not receive any data because of 
short trajectory of AC-3.1 
Station Station 
number 
1 CAPE .I 
'r Periods of signal to noise ratio close to o r  
I 
t 
/ equal to 0 db (typical) 
j ,,j , I I 1 0 PAFB I 
i ~ ' Periods dur ing which radar data were of quality 
- T-- isufficient for reduction (typical) 
3 
5 
91 
Time from lift-off, sec 
Figure X I I I - 2  - AC-3 radar coverage. 
0 40 80 120 160 200 240 280 
Time from lift-off, sec 
Figure XIII-3. - AC-3 interstage radar radio-frequency-link gain 
margin. 
Time from lift-off, sec 
Figure XIII-4. - AC-3 upper-stage radar radio-frequency-link gain margin. 
Time from lift-off, sec 
Figure XIU-5. - AC-3 range safety command radio-frequency-link gain margin. 
14 5 
XIV. PREMKWRE CENTAUR ENGINE CUTOFF 
About 5.1 seconds a f t e r  MES, t he  hydraulic pressure of t h e  C-2 engine de- 
This loss  i n  hydraulic 
c l ined sharply from s l i g h t l y  above 1100 psia (see f ig .  XIV-l). 
onds, the  pressure had decreased t o  l e s s  than 50 psia.  
pressure resu l ted  i n  a l o s s  i n  gimbaling capabili ty of the C-2 engine (see 
V. PROPULSION). Consequently, t h e  vehicle a t t i t u d e  w a s  completely dependent 
on the a b i l i t y  of the  C - 1  engine t o  control the  vehicle. 
Within 2 sec- 
The C-1 engine w a s  qu i te  successful i n  control l ing vehicle  p i t c h  and yaw. 
The roll rate, which i s  p lo t ted  as a function of t i m e  i n  f i g u r e  XIV-2, was not 
excessive (i. e., l e s s  than 15 deg/sec) during t h e  ear ly  port ion of Centaur 
second-stage f l i g h t .  As t h e  vehicle weight and center of gravi ty  changed, how- 
ever, t h e  roll rate reached a clockwise value (pos i t ive  i n  f i g .  XIV-2) of about 
40 degrees per  second. 
t o  p i t c h  about 32 degrees (vector 2 admitted). I n  order t o  accomplish this ,  
t h e  C - 1  engine l o s t  what roll control  a b i l i t y  it had. 
rate increased rapidly t o  about 310 degrees per second at  MES + 254 seconds. 
A t  t h i s  time (MES + 190 sec)  t h e  vehicle  was commanded 
Consequently, the roll 
An examination of t h e  e f f e c t  of t,hese high r a k s  of roll 9: the  remaining. 
The i n l e t  t o  the LOX 
propellant i n  t i e  Centaur tanks reveals  some i n t e r e s t i n g  results. The effect 
on the  LOX i s  i l l u s t r a t e d  schematically i n  f igure XIV-3. 
boost pump i s  located at  t h e  bottom of this  tank. The dashed l i n e  represents  
t h a t  surface of t h e  LOX at  the t i m e  of premature engine cutoff (i. e., MES + 
254.1 sec)  and was determined by considering t h e  forces ac t ing  on t h e  l iquid.  
It i s  readi ly  observed tha t  the  posi t ion of the LOX surface i s  such as t o  br ing 
about LOX s ta rva t ion  of t h e  engine pumps. The e f f e c t  on the f u e l  (LH2) as a 
r e s u l t  of vehicle roll would be s i m i l a r ;  however, t h e  f u e l  boost-pump i n l e t  is  
located on t h e  lower s i d e  of t h e  f u e l  tank and, consequently, vehicle  roll 
would not produce f u e l  s ta rva t ion  as soon as LOX starvation. 
The e f f e c t  of t h e  propellant behavior jus t  described on Centaur engine 
operation i s  graphically i l l u s t r a t e d  i n  figure XIV-4, where t h e  var ia t ion  of 
severa l  engine parameters i s  presented fromMES + 235 t o  MES + 265 seconds. 
The engine parameters displayed i n  this  f igure are engine pump, LOX boost pump, 
and f u e l  boost-pump speeds; engine pump i n l e t  pressures; i n j e c t o r  pressure d i f -  
f e r e n t i a l s ;  and chamber pressure. The da ta  shown are s p e c i f i c a l l y  f o r  t h e  C - 1  
engine; however, examination of the  da ta  indicates t h a t  t h e  corresponding C-2 
engine parameters behaved e s s e n t i a l l y  t h e  same. A t  MES + 235 seconds, t h e  en- 
gine operation as measured by the  parameters of f i g u r e  I V - 1 0  was nominal except 
f o r  a s l i g h t  dropoff i n  LOX pump i n l e t  pressure, which i s  already present. As 
t i m e  from MES increased, t h e  engine parameters remained nominal except f o r  t h e  
LOX pump i n l e t  pressure, which showed e r r a t i c  var ia t ions  up t o  +5 p s i  about a 
gradually decaying mean level .  A possible explanation of t h i s  behavior i s  as 
follows: 
ure  XIV-3,  u l l a g e  gas began t o  be drawn through t h e  LOX boost pump, thereby 
As t h e  surface i n  the LOX tank approached the posi t ion shown i n  f i g -  
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decreasing t h e  average pressure r ise across t h e  pump and the main pump i n l e t  
pressure. 
i n  f i g .  XrV-3) ,  t h e  amount of ul lage gas pull-through was subject  t o  sudden 
changes, bringing about e r r a t i c  var ia t ions  i n  t h e  mean l e v e l  of t h e  pump i n l e t  
pressure. 
Because t h e  a c t u a l  LOX surface was probably turbulent  (not  smooth as 
A t  MES + 252.4 seconds the  LOX pump i n l e t  pressure s t a r t e d  a decl ine from 
57.8 p s i a  t h a t  reached t ank  ul lage pressure (-30 ps ia )  a t  MES + 254.4 seconds. 
This sudden and l a r g e  decrease i n  pump i n l e t  pressure i s  ind ica t ive  of a com- 
p l e t e  loss of  LOX flow at the pump i n l e t  and is  re f lec ted  i n  a rapid decl ine i n  
t h e  LOX in jec tor  d i f f e r e n t i a l  pressure beginning at  MES + 254.1 seconds (i. e. , 
-1.7 sec  a f t e r  t h e  start of the LOX pump inlet  pressure decay). With t h e  rapid 
decl ine i n  t h e  LOX flow i n t o  t h e  chamber, the  combustion process quickly de- 
t e r i o r a t e d  and by MES + 256.4 seconds ( i f  not before) combustion had ceased. 
As the LOX flow diminished, t h e  LOX boost-pump speed started t o  increase 
This rapid speed r ise i s  a result of t h e  g r e a t  reduction i n  pump power 
and by MES + 260.0 seconds had r i s e n  t o  the t r ip -out  speed of about 57,500 
rpm. 
required as a r e s u l t  of t h e  l o s s  of LOX flow, while the  LOX boost pump turbine 
continued t o  develop about constant power. 
The LH2 flow as indicated by t h e  LH2 i n j e c t o r  d i f f e r e n t i a l  pressure in-  
creased momentarily after combustion breakdown because of the  reduced chamber 
pressure and, therefore ,  decreased res i s tance  t o  flow. A t  t h i s  time, t h e  main 
pump speed exhibited a momentary r i s e  due t o  t h e  decrease i n  t o t a l  power re- 
quired t o  dr ive t h e  pump (because of t he  reduced LOX flow). This w a s  followed 
quickly, however, by a subs tan t ia l  loss i n  main turbine power output due t o  the 
decl ine i n  hydrogen temperature associated wi th  l o s s  of combustion. Conse- 
quently, the  main pump speed decayed promptly. The pump speed f i n a l l y  f e l l  t o  
about 400 rpm. 
nearly nonrotating pump caused t h e  LH2 flow t o  the  i n j e c t o r  t o  " ta i l  of f"  t o  a 
r e l a t i v e  low value of the  order of t h e  chilldown flow rates. The LH2 pump in-  
l e t  pressure a f t e r  a momentary decline due t o  the accelerat ion of t h e  hydrogen 
downstream of t h e  pump s t a r t e d  a rise well above i t s  nominal s teady-state  value. 
This r i s e  is  associated with t h e  increased res i s tance  because of t h e  main pump 
act ion and t h e  increase i n  LH2 boost-pump speed associated w i t h  pump-turbine 
power dependence. 
The increased res i s tance  i n  t he  hydrogen system due t o  t h e  
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Figure XIV-1. -Variation of C-1 and C-2 hydraulic pressures 
during engine startup. 
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APPENDIX A 
ABBRFVIATIOW AND SYMBOLS 
A- C 
AFEm 
AGC 
AMR 
ANT 
A/P 
BECO 
BET 
B/P 
BPS 
CAPE 
db 
dbm 
EST 
ETR 
F -  
F +  
g a l  
GBI 
GD/A 
GLX)TRACK 
GMT 
A B B M  ATIONS 
A t l a s  -Centaur 
Air Force Eastern Test Range 
automatic gain control  
A t l an t i c  Missile Range 
Antigua 
au topi lo t  
booster engine cutoff 
b e s t  estimate of t r a j ec to ry  
boost-pump tes t  
boost-pump start 
Cape Kennedy 
decibel  
decibels  above 1 mil l iwat t  
Eastern Standard Time 
Eastern Test Range 
days p r i o r  t o  launch day 
days a f t e r  launch day 
U.S. gal lon 
Grand Bahama Is land  
General Dynamics/As t ronaut ics  
g loba l  t racking 
Greenwich mean time 
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GN2 
H202 
IGS 
KSC 
LH2 
LHe 
LOX 
mco 
MES 
mS 
NPSH 
NPSP 
PAFB 
PETN 
P- P 
PU 
PWA 
Q 
QUAD 
RCA 
RF 
RFI 
RP- 1 
SANSAL 
s cf 
SECO 
- 
gaseous nitrogen 
hydrogen peroxide 
i n e r t i a l  guidance system 
Kennedy Space Center 
l i q u i d  hydrogen 
l i q u i d  helium 
l i q u i d  oxygen 
main engine cutoff 
main engine start  
mean square 
n e t  pos i t i ve  suction head 
n e t  pos i t i ve  suction pressure 
Pa t r i ck  Air Force Base 
pen tae ry th r i to l  t e t ra  n i t r a t e  
peak t o  peak 
propellant u t i l i z a t i o n  
P r a t t  & Whitney Ai rc ra f t  
quadrant 
quadrant 
Radio Corporation of America 
radiofrequency 
radio-frequency interference 
rocket propulsion f u e l  
San Salvador 
standard cubic feet  
sus ta iner  engine cutoff  
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S/N 
STL 
TCA 
TEL I1 
TEL I11 
TLM 
T -  
T +  
T R W  
VECO 
A 
at 
cx 
E 
F 
I 
I 
L 
2 
M 
- 
A 
P 
P i  
s igna l  t o  noise  r a t i o  
Space Technology Laboratories 
temperature control  amplifier 
telemetry receiving s t a t i o n  2 
telemetry receiving s t a t i o n  3 
telemetry 
t i m e  p r i o r  t o  launch (2-in. motion) 
time after launch (2-in. motion) 
Thompson Ramo Wooldridge 
vern ier  engine cutoff 
SYMBOLS 
cross-sect ional  area 
t angen t i a l  component of acceleration 
d is tance  of skin element from y-y axis 
d is tance  of skin element from x-x axis 
modulus of e l a s t i c i t y  
t h r u s t  
accelerat ion due t o  gravi ty  
sec t ion  moment of i n e r t i a  
ove ra l l  spec i f i c  impulse 
longi tudina l  load 
panel length (streamwise) 
Mach number 
'bending moment 
pressure 
po ten t i a l  energy 
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t 
W 
a 
P 
€ 
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dynamic pressure 
t a n k  radius  
posit ion along w - a x i s  due t o  grav i ty  
magnitude of radius  vector 
t o t a l  vehicle posi t ion,  w-axis 
time 
skin thickness 
weight 
pi tch plane angle of a t tack ,  deg 
s t r a i n  
Poisson's r a t i o  
s t r e s s  
roll angle 
APPENDIX B 
~ LO@ AND PANEL FLUTTER ANALYSIS 
CENTAUR LOADS ANALYSIS 
Use of liquid-hydrogen f u e l  and a pressure s t a b i l i z e d  tank s t r u c t u r e  pre- 
sented a unique problem i n  t h e  measurement of s t r a i n  on t h e  Centaur vehicle. 
Bonding techniques developed f o r  normal applications were woefully inadequate 
a t  LH2 temperature (-4230 F). As a r e s u l t  of pioneering work at t h e  NASA Lewis 
Research Center, however, techniques had been developed t o  bond s t r a i n  gages t o  
metal. f o r  use a t  cryogenic temperatures, Some of t h i s  work and the appl icat ion 
techniques are described i n  reference 4. 
Two major problems were immediately apparent: 
(1) It was d i f f i c u l t  t o  apply bonding techniques developed f o r  use under 
control led laboratory conditions t o  t h e  re la t ive ly  uncontrolled conditions i n  
t h e  f i e l d .  
t o  accomplish t h i s  phase of t h e  task. 
a zero s t r a i n  environment f o r  use as temperature compensation. 
This w a s  overcome by using experienced Lewis laboratory technicians 
( 2 )  The second problem was lack  of a su i tab le  spot t o  place a dummy gage i n  
It 1s t'ne purpose of tnis sect ion t o  discuss how the second problem was 
solved and t o  develop expressions f o r  computing vehicle  loads from f l i g h t  
strain-gage-response data. 
G3 
Longitudinal 
direction - Hoop direction 
(a) 
rei 1 
Because of t h e  necessi ty  of c a l i b r a t i n g  
t h e  system a t  ambient conditions, it was de- 
sirable t o  use a s t r a i n  gage t h e  res i s tance  
and gage fac tor  of which were reasonably con- 
s t a n t  from ambient down t o  LH temperature. 
The s tab i l ized  amour D gage ?ref. 4) f u l -  
f i l l e d  these requirements adequately and was 
t h e  gage selected f o r  t h i s  application. Be- 
cause of t h e  slope i n  t h e  res i s tance  aga ins t  
temperature curve, it w a s  considered desirable 
t o  provide temperature compensation. This w a s  
accomplished by use of two ac t ive  gage sys- 
tems, one each i n  t h e  longi tudinal  and hoop 
d i rec t ions  as shown i n  sketch (a).  The manner 
i n  which these gages are wired together i n  t h e  
Wheatstone bridge i s  shown i n  sketch (b) .  It 
i s  apparent that the t o t a l  response of t h e  
system i s  the difference between the  longi tu-  
d i n a l  and hoop s t r a i n s ,  t h a t  is ,  €1 - €2 
where €1 i s  the longi tudinal  s t r a i n  and c2 
i s  the hoop s t r a i n .  
subject t o  i n t e r n a l  pressure and external  
The Centaur LH2 tank i s  
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axial and bending loads. 
d i scont inui t ies )  is  defined by t h e  expressions 
The stress f i e l d  at any poin t  on t h e  tank (away from 
CX 
%.4tny 
P R L  
al = - 2 t - - A - J i X  I 
a2 = - PR - a2i t 
where 
P ul lage pressure,  ps ig  
R tank radius  
t skin thickness  
L longi tudinal  load (pos i t i ve  i n  negative z d i rec t ion ) ,  l b  
A section area,  sq in .  
An pitch plane bending moment, in. -1b 
Cy 
I section moment of i n e r t i a ,  in .  
distance of sk in  element from x-axis 
4 
dm yaw plane bending moment, in. -1b 
Cx distance of sk in  element from y-axis 
a2i tank hoop stress due t o  insu la t ion  panel in te r fe rence  
The subscr ipts  1 and 2 r e f e r  t o  longi tudina l  and hoop d i rec t ions ,  respect ively.  
The s ign conventions used i n  t h i s  analysis  a r e  described i n  sketch ( c ) ;  
Cx i s  posi t ive along the  pos i t i ve  y-axis and Cy i s  pos i t i ve  along t h e  pos- 
i t i v e  x-axis. Pos i t ive  .& r e s u l t s  i n  compression i n  quadrants I and I V ,  
and pos i t ive  Jn r e s u l t s  i n  compression i n  quadrants I11 and IV.  
With t h e  assumption t h a t  Poisson 's  r a t i o s  p 
t i o n s  are equal ( this  w a s  v e r i f i e d  by coupon tes t  d a t a ) ,  t he  
s t r a i n s  i n  t h e  longi tudina l  and hoop d i r ec t ions  are 
i n  the two p r inc ipa l  d i rec-  
(c)  View looking forward 
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Equation (B3) represents  the t o t a l  response of each s t ra in-gage i n s t a l l a t i o n .  
It i s  seen tha t  the  primary var iab les ,  which influence t h e  s t r a i n  gage response, 
are ul lage pressure,  axial load, and t h e  bending moments. Because of t h e  d i f f i -  
cu l ty  of es tabl ishing,  with any degree of accuracy, t h e  three-dimensional pres- 
sure  f i e l d  seen by t h e  LH2 tank during atmospheric ascent and t h e  presence of 
pressure terms i n  equation (B3),  it was not possible  t o  ca lcu la te  t h e  absolute 
stresses experienced by t h e  tank; however, i f  only increments of strain gage 
response from some known reference time were considered, it would be possible  
t o  compute the  bending moment h is tory  experienced by the LH 
ence t i m e  w a s  assumed t o  be T - LO seconds. From equation fB3) ( t he  bending 
moment i s  zero a t  reference t ime) ,  
tank. This refer- 
There are four  s e t s  of s t r a i n  in s t a l l a t ions  a t  s t a t i o n  402, one i n  each 
Gages i n  quadrant I are diametrically opposite the  gages i n  quad- quadrant. 
r a n t  111, and the gages i n  quadrant I1 are  diametr ical ly  opposite the  gages i n  
quadrant IV. Using the  superscr ipts  I, 11, 111, and IV t o  represent the 
various quadrants from equation (B4) and using t h e  s ign convention of sketch ( c )  
give 
and 
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From equations (B5) and (B6), both An and dn are read i ly  calculs-  
It i s  noted t h a t  all pressure terms have been eliminated, and it i s  only 
and 
ted. 
necessary t o  know tank geometry, material properies,  and strain-gage-response 
data. To improve t h e  qua l i t y  of t h e  da t a  fur ther ,  material proper t ies ,  E 
p, were determined experimentally by employing coupons machined from the same 
roll of material used t o  f a b r i c a t e  t h e  LH2 tank at  L I H ~  temperature. 
Again, from equation (B4) and remembering that  quadrants I and I11 gages 
a r e  located diametr ical ly  opposite each other, w e  have 
- L2+ ( P t  - Po) - - 2 (& - L o g  -  [(Pt - Po) $ -  (cr2it - cr2i0) ] (B7) 
A E2 E1 
Transposing and simplifying give 
It is  assumed tha t  aZit - u2i0 i s  e s sen t i a l ly  zero. 
were compared with a x i a l  loads from other  sources (wind-tunnel axial-force-  
coef f ic ien t  da t a  and strain-gage da ta  from s t a t i o n  582) ,  showing l a rge  d isa-  
greements. It was f e l t  t h a t  t h e  presence of pressure terms i n  equation (B8) 
introduced unavoidable e r ro r s  i n  t h i s  analysis.  
Incremental axial loads were computed by using equation (B8). The r e s u l t s  
ImRSTAGE ADAPTER PANEL ELUTTER ANALYSIS 
To study the problem and e s t ab l i sh  in t e r s t age  adapter panel f l u t t e r  char- 
a c t e r i s t i c s  and boundaries, a wind-tunnel test  program was i n i t i a t e d  at NASA 
Langley Research Center. The i n i t i a l  inves t iga t ion  w a s  conducted i n  t h e  Langley 
uni ta ry  plan wind tunnel  a t  Mach 1.63 and 1.84 on e s sen t i a l ly  s ing le  f l a t  panels 
of the adapter. The r e s u l t s  indicated tha t  t h e  panel, when loaded i n  compres- 
s ion,  would undergo a nondestructive f l u t t e r  a t  aerodynamic conditions a t t a i n -  
able w i t h i n  t h e  f l i g h t  range of t he  launch vehicle. Further ,  the poss ib i l i t y  
of cascading exis ted and a second inves t iga t ion  with a quar te r  sec t ion  of the 
fu l l - sca l e  adapter was undertaken i n  the thermal s t ruc tu res  tunnel  a t  Mach 3. 
The most severe f l i g h t  environment f o r  f l u t t e r  was expected t o  occur a t  m a x i m u m  
dynamic pressure, which occurs at  approximately T + 80 seconds and Mach 1.8; 
however, it was f e l t  that  through use of the  nondimensional f l u t t e r  parameter 
t h e  f l i g h t  conditions could be simulated by other  combinations of aerodynamic 
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variables ,  which were within t h e  operating range of t h e  9- by 6-foot thermal 
s t ruc tu res  tunnel. The nondimensional f l u t t e r  parameter is defined as 
F l u t t e r  parameter = 
where 
M Mach number 
E e l a s t i c  modulus, p s i  
q dynamic pressure,  p s i  
t panel sk in  thickness,  in. 
2 panel length (streamwise), in. 
The results of t h i s  t es t  program a r e  presented i n  f igu re  IX-11.  The geo- 
metry of t h e  AC-3 f l i g h t  adapter was changed compared with t h a t  of t h e  tes t  
ar t ic le  by addi t ion of frame s t i f f ene r s .  
a r e  shown i n  f igu re  IX-2. The main e f f ec t  of t h i s  change was t o  reduce t h e  
1 streamwise iengtln of t h e  panels from 14- inches t o  approximately ha l f  t h a t  v d u e  2 
over most of t h e  adapter. The adapter skin thickness (0.032 in.  ) and s t ruc-  
t u r d  material (2024 &.minun) remained unchanged. 
on t h e  r a t i o  l / w  (where 
proximately 1. 
t h a t  a decrease i n  t h e  value of 
f l u t t e r .  
of t h e  altered geometry by using t h e  da ta  in  reference 5. 
boundary i s  a l so  shown i n  f igu re  IX-11. 
Locations of t h e  addi t iona l  frames 
'Phe e f f e c t  of t h i s  change 
A survey of t h e  ex is t ing  l i t e r a t u r e  (refs. 5 and 6 )  indicated 
2/w resul ted i n  g rea t e r  propensity t o  panel 
w is  panel wid th)  was t o  reduce it from 2.15 t o  ap- 
The results of the Langley t e s t s  were modified t o  include t h e  e f f e c t  
The revised f l u t t e r  
During t h e  t e s t s ,  compressive loads up t o  and above those expected i n  
f l i g h t  were applied t o  t h e  longi tudinal  s t r ingers  by means of hydraulic jacks. 
Results of t h e  tests indicated t h a t  t he  panels were most suscept ible  t o  f l u t t e r  
when sk in  stress was near the point of buckling. There was no evidence of cas- 
cading. Instead, each panel appeared t o  f l u t t e r  on an individual  basis unaf- 
fec ted  by the motion of other  panels. Results of t h e  f la t  panels i n  comparison 
with t h e  r e s u l t s  of t h e  quarter  sect ion specimens ind ica t e  t h a t  t h e  e f f e c t  of 
curvature was s tab i l iz ing .  
So far, f l u t t e r  cha rac t e r i s t i c s  only in  a supersonic flow f i e l d  have been 
No tests were conducted at subsonic and t ransonic  speeds. L i t e r -  considered. 
a t u r e  research indicated tha t  subsonic f l u t t e r  i s  highly unlikely. 
i n v e s t i g a t k n  appears t o  preclude i t s  existence. The only experimental evidence 
of t h i s  problem was found i n  reference 7. Here, attempts t o  i n i t i a t e  f l u t t e r  
i n  aluminum a l loy  skin panels 0.004 inch thick proved qu i t e  unsuccessful. It 
has therefore  been concluded tha t ,  f o r  t h i s  inves t iga t ion ,  t he re  i s  no subsonic 
Theoretical  
15 9 
f l u t t e r .  For the  transonic region, no experimental da ta  were found. It may be 
argued tha t  a t  transonic speed, panel exci ta t ion by aerodynamic buf fe t t ing  would 
obscure t h e  e f f ec t  of f l u t t e r .  I n  view of t h e  foregoing, it has been assumed 
tha t  panel f l u t t e r  would only be evidenced i n  the  supersonic f l i g h t  regime. The 
revised flutter boundary of f igure  I X - 1 1  was used t o  es tab l i sh  whether o r  not 
panel f l u t t e r  was encountered on t h e  AC-3 f l i g h t .  
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SYMBOLS AND DETAIUD LISTING OF TRAJECTORY RECONSTRUCTION FOR AC-3 FLIGHT 
TIME 
WEIGHT 
TOTAL F L O W  
GRND RANGE 
THETA I 
Q'AALPHA 
ALTITUDE 
RADIUS 
VELE 
V E L R  
V E L 1  
Q*BETA 
ALPHA 
BETA 
PSI 
PSIDOT 
CROSS RANGE 
GEOCENT LAT 
DESCRIPTIONS 
elapsed t i m e  from l i f t - o f f  
t o t a l  weight of vehicle 
t o t a l  weight flow 
ground-range g rea t - c i r c l e  distance ( spher ica l  earth, Q = 3443.9 
i n e r t i a l  range angle, measured between launch radius  vector and 
n. mi.  ) from launch pad t o  vehicle subpoint 
present radius  vector 
product of ALPHA and dynamic pressure 
a l t i t u d e  above obla te  spheroidal ea r th  
magnitude of radius  vector from Earth center t o  vehicle  
magnitude of  veloci ty  with respect t o  Earth 
magnitude of veloci ty  with respect t o  air  
magnitude of veloci ty  i n  i n e r t i a l  system 
product of BETA and dynamic pressure 
angle of a t t a c k  i n  p i t ch  ( X I ,  ZETA) plane pos i t i ve  f o r  sh ip  above 
r e l a t i v e  veloci ty  vector, VR 
angle of a t t ack  i n  yaw ( X I ,  ETA) plane pos i t ive  f o r  sh ip  l e f t  of 
r e l a t i v e  veloci ty  vector, VR 
i n e r t i a l  a t t i t u d e  angle, measure of angle between sh ip  longi tu-  
d ina l  axis and i n e r t i a l  u-v plane, pos i t ive  above plane 
t i m e  rate of change of PSI 
minimum ground dis tance from vehicle subpoint t o  plane formed by 
dis tance from vehicle subpoint t o  launch s i t e  along Great C i rc l e  
launch v e r t i c a l  vector and launch down-range vector 
at 100.5' azimuth through launch s i t e  
geocentric l a t i t u d e ,  degrees north of equator 
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LONGITUDE 
AZI E 
A Z I  R 
AZI I 
P H I  
" R U S T  FIXl3D 
THRUST CONTL 
GAMMA E 
GAMMA R 
GAMMA I 
EAST WIND 
AXL FORCE 
S I D E  FORCE 
NORM FORCE 
AXL LD FCTR 
WIND VEL 
NORTH WIND 
ATM PRESS 
DYNM PRESS 
HEAT PARAM 
MACH MIMBER 
RHO-VR CUBED 
TOTAL ISP 
7 
degrees from Greenwich, pos i t ive  eas t  
azimuth of VEL E ,  angle between project ion of VEL E i n t o  azimuth 
plane (plane perpendicular t o  radius vector)  and north direc-  
t i on ,  pos i t ive  clockwise from north 
azimuth of VEL R 
azimuth of VEL I 
i n e r t i a l  a t t i t u d e  angle - angle between project ion of minus ZETA 
axis i n  u-v plane and the  u-axis 
f ixed  t h r u s t  magnitude - nongimbaled engines t h r u s t  
control led t h r u s t  magnitude - gimbaled engines 
f l i g h t  path angle of VEL E, measured angle between veloci ty  vec- 
t o r  and l o c a l  horizontal ,  pos i t i ve  above horizontal  
f l i g h t  path angle of VEL R 
f l i g h t  path angle of VEL I 
magnitude of wind veloci ty  component from east 
aerodynamic force  along longi tudinal  axis, X I  
aerodynamic force  along side axis, ETA 
aerodynamic force  normal t o  vehicle along ZETA 
instantaneous value of thrust-drag/weight 
magnitude of wind veloci ty  
magnitude of  wind veloci ty  component from north 
atmospheric (ambient) pressure 
1 2  
dynamic pressure,  7 P a V r  
heating parameter, integrated product of a i r  densi ty  and r e l a -  
t i v e  veloci ty  squared divided by t i m e  
Mach number, r a t i o  of VEL R and l o c a l  speed of sound 
product of air densi ty  and VEL R cubed 
instantaneous quot ient  of t o t a l  ax ia l  t h r u s t  by t o t a l  flow 
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THRUST (I) 
THRUST TOT 
THRUST C o r n  (B) 
THRUST CORR (S) 
FUEL FLOW TIIT 
F FLOW C o r n  (B) 
F FLOW CORR (S) 
N S )  
OXID FLOW (I) 
OXID FLOW TOT 
0 FLOW CORR (B) 
0 FLOW corn (s) 
E (VI  
FP I N L T P  (I) 
FUEL DENSITY 
OXID DENSITY 
MIX RATIO (B) 
MIX RATIO (S) 
OP INLTP (I)' 
FUEL WEIGHT 
OXTD WEIGHT 
- 
DETAILED PROPULSION (DEPRO) DESCRIPTIONS 
t o t a l  t h r u s t  of booster, sustainer  o r  vernier  engines, re- 
spect ively (vernier  gimbaled) 
t o t a l  t h r u s t  of a l l  engines 
booster t h r u s t  correction f o r  nonl inear i t ies  of model 
sus ta iner  t h r u s t  correction, due t o  propel lan t -u t i l i za t ion-  
system e f f e c t s  
e f fec t ive  chamber pressure of booster engines 
t o t a l  fuel flow of booster, sus ta iner  o r  vern ier  engines, re- 
spectively; vernier  flow included i n  sus ta iner  
t o t a l  f u e l  flow f o r  all engines 
booster f u e l  flow correction (nonlinear) 
sus ta iner  f u e l  flow correction ( PIJ) 
e f fec t ive  chamber pressure of sus ta iner  engine 
t o t a l  LOX flow of booster, sus ta iner  or vernier  engines, re- 
spectively; vernier flow included i n  sus ta iner  
t o t a l  LOX flow f o r  all engines 
booster LOX flow correction (nonlinear) 
sus ta iner  LOX flow correction (PU) 
e f fec t ive  chamber pressure of vernier  engines 
f u e l  pump i n l e t  pressure, booster or sus ta iner  
f u e l  densi ty  
LOX density based on telemetry measurements 
r a t i o  of LOX t o  fuel-booster 
r a t i o  of LOX t o  fuel-sustainer 
LOX pump i n l e t  pressure, booster o r  sus ta iner  
weight of f u e l  above sustainer pump i n l e t  
weight of LOX above sustainer pump i n l e t  
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I 
AXL LD FCTR 
C A P  RATIO (FT) 
O I L  WEIGHT (I) 
FUEL LEVEL 
OXID LEVEL 
NPSH 
VALVE ANGLEl (PU) 
ATM PHESS 
VAPOR PRESS 
FUEL TNK PR ( G )  
OXID TNK PR ( G )  
ACS I T E R  
THRUST 
LH2 FLOW 
LO2 FLOW 
RATTO 
C - 1  THRUST 
C-1 LH2 FLOW 
c-1 LO2 FLOW 
c-1 R A T I O  
C - 2  THRUST 
c-2 LH2 FLOW 
axial load  f ac to r ,  required by propulsion model t o  ca l cu la t e  
e f f e c t  of headrise on pump i n l e t  conditions 
capacitance output from f u e l  manometer divided by capacitance 
output from oxidizer  manometer; t h i s  r a t i o  i s  calculated 
from telemetry vaJ-ues of PU valve angle pos i t ion  
weight of l ub r i ca t ion  o i l  remaining, booster o r  sus ta iner  
height of f u e l  above sus ta iner  pump i n l e t  
height of LOX above sus ta iner  pump i n l e t  
ne t  pos i t ive  suct ion head of sus ta iner  LOX pump 
propel lant  u t i l i z a t i o n  f u e l  valve angle, value used from 
telemetry 
atmosphere (ambient) pressure 
vapor pressure of LOX 
gage pressure of f u e l  tank (telemetry) 
gage pressure of LOX tank (telemetry) 
i n t e r n a l  counter 
CENTAUR DESCRIPTIONS 
t o t a l  Centaur t h r u s t  
t o t a l  LHz flow 
t o t a l  Lo2 flow 
r a t i o  L Q ~ / L H ~  
t h r u s t  of C-1 engine 
LHz flow f o r  C - 1  engine 
LO2 flow f o r  C - 1  engine 
r a t i o  L O . & H ~  f o r  C-1 engine 
t h r u s t  of C - 2  engine 
LH2 flow f o r  C - 2  engine 
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c-2 Lo2 now 
C-2 RATIO 
LH2 WEIGHT 
LO2 WEIGHT 
c-1 LH2 PRFSS 
c-2 LH2 PRESS 
c-1 ISP 
C - 1  FLOW 
c-1 LO2 P r n S  
c-2 Lo2 PRESS 
c-2 ISP 
c-2 F L O W  
c-1 L;FI2 m2 
c-2 LH2 TEMP 
c-1 Pu VALVE 
c-2 PU VALVE 
c-1 LO2 TEMP 
c-2 Lo2 TEMP 
LO2 flow f o r  C-2 engine 
r a t i o  L O ~ / L H ~  f o r  C-2 engine 
weight of LH2 
weight of LO2 
pump i n l e t  pressure for C-1 engine L H ~  ( te lemetry)  
pump i n l e t  pressure f o r  C-2 engine L H ~  ( te lemetry)  
spec i f i c  impulse of C - 1  engine equals C - 1  thrust/C-1 f low 
t o t a l  propel lant  flow f o r  C - 1  engine 
pump i n l e t  pressure f o r  C-1 engine  LO^ (telemetry) 
pump i n l e t  pressure f o r  C-2 engine  LO^ (telemetry) 
spec i f i c  impulse of C-2 engine equals C-2 thrust/C-Z flow 
t o t a l  propel lant  flow f o r  C-2 engine 
pzz~p inle+, t m p r c - t u r e  fcr ~1-l engine 1,172 (telemetry-) 
pump i n l e t  temperature for  C-2 engine L H ~  (telemetry) 
propel lant  u t i l i z a t i o n  Valve s e t t i n g  (not  i n  use) 
propel lant  u t i l i z a t i o n  valve setting (not  i n  use) 
pump irii-et temperature for  C-1 engine  LO^ ( te lemetry)  
pump i n l e t  temperature fo r  C-2 engine  LO^ ( te lemetry)  
ORBIT ELEMENTS DESCRIPTIONS 
PERIGEE RAD radius  at per igee of instantaneous conic 
APOGEE RAD radius  a t  apogee of instantaneous conic 
PERIGEE ALT per igee a l t i t u d e  (above spherical  Earth w i t h  radius = 3443.9 
n. m i .  ) 
APOGEE ALT apogee a l t i t u d e  (above spherical  Earth with radius  = 3443.9 
n. m i . )  
PERIGEE VEL ve loc i ty  a t  perigee 
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APOGEE VEL 
SEMI LAT FtZC 
PERIOD 
SEMI MAJ AXIS 
ENERGY 
ECCENTRICITY 
INCLINATION 
TRUE ANOMALY 
ASCEND NODE 
v e l o c i t y  at apogee 
s e m i l a t u s  rectum 
p e r i o d  
semimajor axis 
energy, v2/2 - p/r 
o r b i t  e c c e n t r i c i t y  
o r b i t a l  i n c l i n a t i o n  
t r u e  anomaly 
ascending node 
166 
U 
c c  
uLLe 
C h U  
U l N  
1 4 -  - c -  
X L Y  
C 
a 
a c  
- c w  
X L L h  
a a a  
- - I -  
c c c  
( L D M  u UI  w 
2 7 2  
4 
-cu. 
X U h  
x z x  
0 0 0  
I I T  
K*CL*CL 
W W W  
a c  
o a o  
a a a  
O W  
zvl 
v u  
$El 
a n  
a 
a c  
- c w  
X W N  
000 
v v v  
U 
*I- 
c w  
w Y  
I 1  
x x  
-Id 
U W  
-I 
o n  
a 
a e  
3 C A  
X W Y  
+ I - *  
m m m  
OLIYK 
III 
c c e  
- r N m  
=isa 
o a m  
C O O  
.sr- e 9  
h W  
.in 
0 1 .  
m m  
o w  r r m  
0 4 4  
$ 2  
C b  
m m  
- I f -  
0.N 
NIO 
. .  
m e  
000 c o o  
0 0 0  
900 
r n r - h  
e o 0  
N * *  
0 . .  c o o  
4 4  
0 0  
l l  W W  
N01 
.n+ 
" N  
c.r 
-01 
mLn 
0 0  
m a  . .  
O N -  
u u 9  
" n m  
O l L n N  
3.. 
OOLn 
c r - w  
m m m  
4 h l m  
.dd 
o a m  
167 
c c  z 
* m  
0 0  
." 
0 w 
O W  
Z U  a z  
x a  
C E L  u ovl 
s a  o m 2  
a + - - 0 3  
d Y ~ V I K 0  
a w a a v r a  
SOL 
3 3 x 1 0 0  
o o o o v v  
A - I - I d  u u u u x 3  
0 0 -  
o n o o ~ d >  
=1 
V I . .  
3 - - - u u -  
x x x x  v 
o o o o a o a  
0 W  Q * l - 0  
90 0..- 
m - r o 4 0 e p h  
m e  
00 
UO: 
3 2 3 P O O  
o o o o v v  
d d d d  u u u u 3 x  
00- 
d d d d 4 d V l  
w w w w u u -  
33133 u u u c ~ u u u a  
U 
v v v m  
w w u a  
m m v )  I 
\ \ N O  
c c c c c w  
u u u u u o  
v v v v v v  
w w w w w w  
m m m m m m  
\ \ 4 \ \ \ 4  
m m m m m m r  
m m m m m m m  
I- w 
4 9  
00 
C Z - a  
+ 
c 
I 
w 
-' 
0 
I 
* m Q - V V  v . .  . m v  
r c m c ) r n ~  c c o  
0 0 0  
* m  
9 N  
Nu! 
c m  
U 0  
N.- 
00 
C C I -  
I 
. .  
V I 0  
-40 
90 
d m  
N h  
0 1  
Q h  
N.c 
. .  
v o o  
N O 0  + m m  
- l c w  
m o r r  
m u *  
0 . .  
C O O  
* " d  
r r r l  
00 
I I  
u w  
h N  
- m  
d V  e-? 
W N  
W Q  
lnln 
0 .  
0 0  
0 w m  
w o u  
. W N  
u w r l  
N r l h  
4.. 
O O N  
C W W  
m m m  
r l N m  
O P V I  
c c c )  
o o c  
V v I  
9 N  
N m  
V Q  
N., 
0 0  
O h *  
I 
o m  . .  
m o  
"0 
90 
r l m  
NIC 
OI* 
0.N 
N 9  
. .  
4.00 
N O 0  
d l n m  
cr-N 
00.4 
. d d  
* * v  
0 . .  
w o o  
d e -  
00 
I I  
w w  
h N  
-lm 
- 4 - 9  
e *  
a 2 0  
m l n  
00 
m w  . .  
( T D ~  
* n ~  
w o v  
vorr  
N d h  
d o .  
O O N  
P W W  
m m n  
d N m  
o a m  
O C P  
o o c ,  
a- 
N C  
a m  
4 0  
00. 
S . c  
h O I  
. .  
o e m  
I 
0 m  
0 0  
0 0  
0 I c  mr-. 
OI* 
0.N 
N Q  
. .  
v o o  
- 0 0  
r n m o  
m N m  
m a w  
. N N  
w e *  
0 . .  
+ G O  
44 
00 
l l  
UJLu 
Q N  
v\9 
N O  m m  
m r r  
mi- 
l-- 
0 0  
. .  
d 4 . Y  
-40 
. m *  
O I .  
r r w 0  
i- i- U' 
m * *  
a m 0  
 ma 
r l ~ m  
O P l n  
m - u m u. 0. 
N 
0 
N 
0 
N 
0 
( c m  
00 
N 
0 
I 
LLI 
0 0  ~ m m o  u-4 4 . t 0 . m  
rro W O * W  
9 N  40-9 
NOI . m m N  
m 9 9 .  
o c  9rrh-l 
- 0  O . . d  
m d o - o c m  
. . .  m r r  
r r N 0  e .  
d N m 0 0 0  
I I  
4) 
0 
W 
0 
* N  
00 
I I  u u  
0 9 d P V - 9  
0 h ) m h l r V o  
0 . o m l n 0  
O P V Q 9 ' 3  
0 0  . * V I 0  
o s m r U m . 4  
O h d 9 I - I -  
S Q l U l S  . 
~ ~ r r o o m  
r l h l m v m a  
o o r l  
168 
U N  
00 
0 .o+-.(; 
- u m ~ c \ a ~ m  
m O Q 0 . J  
I 
r - m - m .  0 
m u *  . - C  
NITNrr - -  
I I 
U @ 9 0 U .  
d i n P C X b - .  c o o  
I 
0 0 0  
U P  r n -  
9 N  
0 .  
o u  
Q 9  
d 0  
0 6  
0-4s 
I 
0 . m  
P P  
PQ. 
P U  
m r -  
0.4 
O N  
N Q  
. .  
N 
0 
I 
Ly 
r-0. d C m m  
P O  O N o . 0  
r -N m m u m  
m o  m 4 r - m  
d(z . m a d  . .  + m a .  
O h  9 d C N  
C P  0 . . d  
0 2 - c - o c m  
N N  
00 
w o o  
9 0 0  
N O 0  d m m  
W W d  
. u m  
.--I** 
0 . .  
m o o  
0. m
a 
N 
a 
0 
m 
0 
9 
0 
d 
0 
I w 
drl m Q m O  
+u  m m m o  
P W  m r - 0 . w  
m u  v o u w  
m e  4 r 0 - m  
.N . a m .  
w .  s u r - m  
a h  * * . a  
m h 0 * 0 9 9  
I 1  
w o  . . Q N  
O N Q Q U  
o r m m m m  
+ O d d d r -  
N d  
0 0  
c c c  
N *  
o m  
51n 
d e  w m  
O N m  
I 
d m  
m m  
. .  
9r- d m  
r-01 .-e 
Ur- 
N *  
r -N 
N 9  
. .  
m o o  
0 0 0  m o o  * o m  
9 m f -  .e r- 
0 . .  
m o o  
d d  
0 0  
I I  
LuLu 
m d  m m  
d *  
f-9 
e m  
m m  
f - r -  
00 
0 .  
e 0 4  
409 
g o *  
f-In.4 
m . 9  
O I m m  
- N -  
m l n l n  
.4 N IV 
m o r -  
o a m  
m * o c C * o  * o o m ( r m  
r - - c O l c N C  
. . . . F W  
O O U G -  
C r - * . Q N N  
N N  
0 0  
I I  
L u u l  
* m m m * o  
9 d . i . o m N  u m m o o r u  
o m m a r - m  
. + 4 m r n m m  
0 * m m o 4  
N 4  ' " .~  
0 9  
o o m o o o  
I 
m 
0 
I 
-4 -id 
0 00 
I l l  
m 
0 
I 
m 
0 
I 
d drl 
0 0 0  
I 
Lu 
m s  m ~ m w  
m 
0 
4 
0 
n 
0 
d 
0 
.4 
0 
.4 
0 
o c o  000 
0 0 0  O C O  000 
N 6  
r--  
I -m  
r-u 
N N  
-6 
0'9 
0.4- 
. .  6 0  m m  
dr- 
1 .  
m h i  
- 4 m  
o N m  
N e  
* V I  
I 1  
m a  
@ W  
m v  mr- 
v \ Q  
inN 
Q i v  
N 9  
. .  
m o o  
P O 0  
* o o  e o 0  
0 0 9  * o o  
m m m  
m o o  
* . .  
N N  
0 0  
l l  
W W  
0 6  
a m  
O N  e* 
r -0 - m  m - 4  
00 
. .  
0 9 m  
o h m  
. N Q  
* a -  
m i n o  
-4-0 
9 . .  
W N N  m a 4  
- 4 ~ m  
onrn 
N *  
90 
m *  
0 -  - *  
~m 
mry 
N 9  
. .  
000 
000 
in00 
D O 0  
m * N  
. N m  
vlulul 
W O O  
4 . .  
4 
0 
I W 
9 N  
+ c y ,  
V I 0  O m  
m 9  
ul4 
00 
m m  
. .  
h m m  
N W Q .  
* a m  
6" 
M C  0 
N e - 4  
e o *  m m d  
mm-o 
4 N m  
o a m  
4 4  
? ?  
m 
0 
I 
N 
0 
N 
0 
* 
0 
4 
0 
I I w w *  6mnoDul 
Q N  -960 
r - 0  " . T O '  
cul *-e* 
m o  O D ~ N  . .  m o a .  
r - Q  a 4 1 - m  
90 O . . N  
m - o d o r - m  
ai 
0 
4 
? 
m -  01+60 
r - m  c m r - r -  
V I *  or- m u l e 4  * m o  
d N m * u l 9  
o a -  
o o c  c c  c C C O  
o c h a ~ m  
c o m m Q . 0  
c c c G - - + m  
C O N O r - c r  
0.c . h W D  
c c r - Q S C  
O C O m O O  
C C r n F N O  
( c c I c ) + w o  
N O  . m o m  .c- a m - 7  
h . N W  .r- 
O U G V - 7  
. . l . fd .Qr -m 
I 
G O O  000 0 0 0  
N 
0 
d 
0 
N 
0 
I 4 , 
m o o  
m o o  
-700 
N O 0  
m o o  e o 0  
C t n O  
9-0 
N Q O  
. O N  
0 9 9  
N . .  
D O 0  
Lu 
4.9 r , ( C m 9  m o o  m - 4  mVIoo e o 0  
* w  O C * V I  r - o m  
*;e 
. m m  
er-r- 
.9C 
x m m  
4 . .  
m o o  
s m m  
Q O O  
4.. 
m 4 m r, m 4 
0 0 0 0 0 0 
I 
w 
9 Q  
mru 
m m  
V d  
h h  
I u 
N 4  
o u. 
c c  
c c o  
000 
C P  
N N  
V I .  
.C 
O N  
o m  
a 0 0  
m o  
CP-r 
I 1  
* o  
*IC 
o m  
N P  
d-3 
I C 9  
m m  
N m  
. .  
m o o  
r - m m  
w r - N  
N m - J  
U P *  
. d m  
094 
N . .  
m o o  
r c m  
e m  
-0 
-0 m N  
0 0  
I 
m m  
A d  . .  
N G - r -  
D N h  
* o m  
9 r - N  
O * *  
- 4 9  
N d W  
o m  
* - m  
4 N m  
o a m  
C O C  
- C P C C C -  - C C , Q v \ . t  
C C m N S -  
00rnP9f -  
c c P m . f m  
* c  . w N m  
c o w  . m u  . . * C  . . 
d - + c * m N  
w * - r - r - 4  G O O  
P *  
.O 
m w  
0 1 .  
e* 
m o  
0 4  o m  c - c  
d 
0 
I 
N 
0 
I 
w 
0 
N 
0 
I 
N 
0 
I 
YI 
w o  u m o o  0 0 0  
000 m o o  * o o  
N * O  
.o r -  
099 
N . .  m o o  
, .  P . . .  
0 0 S O O - t  
I I 
m 
0 
N U  
* P  
N N  
9 W  r - 4  
O r -  ” *  
0 0  
. .  
r ? O - - N w  
I 
a c e  
c c  
e a -  
c1 c 
000 C Q O  @ O @  
c o o  000 000 
D *  .O c m d l - f f i r n  22 
m z  
9.. 
0 4  
b-0 
0.d 
O m  
c d m  
. .  
h *  
9 m  
4 0  
O m  
9 C  
O m N  
I 
* C  
C m N  
I 
N 9  
m m  
N O  
* O  
OI) 
9 . G  -IC 
m *  
. .  
D O 0  m o o  * o m  
P'rnN 
. O N  
5 h -  
4 . .  
m o o  
d d  
00 
I I  W W  
P 9  m u l  * -  
w m  
'PN 
d d  
d m  . .  
00 
I 
corn 
N Q O  
. a m  
d m o  
O N .  * .- 
* e 9  
d N m  
m d o  
m o d  
o a m  
. . d  . .a 
m 0 o m . c .  
Y S r r D O *  
I 
. . d O  .I- 
m o o o *  * 
N r n d - d O *  
I 
m 
0 
d 
0 
m 
0 
m 
0 
I 
m u  
t o  
u u  
G C  
4 d  
c c  
G - G  
40. 
m m  
m e  
N 07 
C .  
m ri 
N U  
m e  
c -  
ar- 
0 .  - *  
.N 
err 
h 
a 
a 
3 
m 
N 
m . .  .- 
. O O d W  
C r n 9 r - 3  
. . . iu  
. - C c 3  
O I “ * C h  
. . .  
o m 0  to 0 e c c c  O @ C  
3 0 n (c. N u, 
c 0 c. 000 G O C  
r - 3  o* 
Ne 
N m  
o m  
m o  
r”u 
o m -  
. .  
r . m  
e m  
8-3 
O e N  
I 
N 
0 
1 
w 
~ m m m ~ a  
mm*tur-oo 
o m m m - ~ r -  o o r l m m m  
- ~ o ~ c m g  
m * m m h l m  
oom e ~ d m  
N 
0 
I 
N 
0 
I 
N 
0 
I 
d N  
0 0  
I 
N 
0 
I 
0 0 0  
0 0 0  m o o  
m m o  
m a 0  
m o o  m o o  m e 0  
m m 0  
m - 5 0  
.Go 
m b Q  
Q O O  
d . .  
. .  
m m  
Q +  
m -  
. r ;  0 m c m  
Q O u  
d . .  ..VI... 
0 0 m o o V I  
I I  
c) 
Q 
0 
m 
0 
N 4 
0 5) 1 
m N 
0 0 
N -I 
a m  
m m  
I w 
m e 0 9  
m m o m  m e m m  O Q N ~  
( r m a . 4  
cum 
w m d m N m O  . .  
r - m  
9 N  O m  
O *  .a 
oi- 
N O  
Q N  
m 9  
m N  
Oi-  
N O  
9 N  
m . 0  
OIN 
,& 
0.0 m -  . m  
9 ;  
a *  
m - o  
m d  . .  
00 
I 
m -  
0 0  
. .  
I 
r c l r  
c c  
i s m  
c c c  
h.' c? 
c c  
w 
C 
c 
C 
I 
U 
C \ C I T Q r ,  
Ic+Jcxo 
c c c c o  - e - & .  
n r - u e c  
i * u * P \ -  
. N . .  .a. 
C c C " - C h .  0 CI c 
0 0 0  
. O W  
l n m  
.CU * .  
- 0  
m s ;  
* e  
l-0. 
0 - l -  
I 
r - m  
F. N 
h N  
V I *  
+I, 
m e  
m a  
:: 
00.0. 
00.0. 
00.0. 
l n G - 0 .  
.-a0 
. l n P  
m e *  
G - . .  
- 0 0  
N *  
r-r- 
1-!D 
r -0 
m e  
44 . .  
00 
m 9  
O t O  c c c  
0 0 0  
f - &  
0 *  
nib 
h m  
lno 
a 0 . m  
I 
. .  
c m  
- a  
F . 4  
VI- 
WDG 
-e 
1-Q 
m a  
m *  
+ d  . .  
e o 0  
N O 0  
- o m  
00r -  
ln"ln 
. m m  
. o m 9  
0 . .  
m o o  
m m  
m a  
0 0  
m -  
m *  
m l n  
-3 . .  
00 
.t 
0 
I 
* 
G 
c o o  
r-m 
N l n  
a -  
30 .  
0.0 
NLF 
r -N 
o w l -  I 
,- 
N 
0 
N 
0 
4 
0 
m 
0 
N 
0 
I 
UJ 
9ln l n l c o w  
* d  m m o m  
m m  ar-ln- 
0.0 O ( D N 9  
0.H 0 . 0 1 9 -  
.G- . m m .  
l n .  0 r l . N  
9* a.-* 
m o o + o + a  
I 
m 
0 
N 
0 
I 
m 
0 
N 
0 
I 
W * *  *.Nor- 
N U  o r - 0 0  
UJ 
lnn3lnN0.0 
LL 
+ m  a a o m  
17 6 
h 
? 
ci c, c C O C  o c o  
V 
0 
* 
0 
* 
0 
0- 
V N  
r-* .h 
9 .  
r -a  + e  
9 6  
ON- .  
m 
V 
r- 
9 
. 
h 
3 
N * 
h- 
O N  
N *  
+ V  
Q N  
.N 
9 m 
0, 
0 ;  
* O D  
- 9  
o v m  
r- 
Q 
O N  
I 
r - r -  *-. 
9 L F  
cr- 
Nul 
4 m  
- 0  
V u l  
. .  
u l a v 9 N d  
N 3  
0 0  
I I 
w w  
~ m m r - v m  
m O r - N m . 0  
* - .+NO.VIO 
Q O O a u l V I  
mr.Joor-10 
or- .--I. . . e .  . m  
r y O V 0 O N  
m m m m o ~  
d 
0 
N d  
? ?  
3 
? 
N N  
? ?  
4 
? , 
w 
o m  m m o m  
N-4 a m o v  
-4VI * N O *  
9 w  m m m v  
ml-4 . m o b  
* *  - 0 0 .  
N m  m N . 9  
w r -  O . O M  
m - 0 4 0 d m  
I 
m o o  
v o o  
b o o  
r - u l m  
.ad m m s  
e o 0  
v o o  
-00 
m 6 m  
VI.. 
r - 4 3  
m 4 
0 0 
hl 
0 
00 rl 
0 0 
ru 
0 
4) N 
0 0 
4 
0 
I I I 
w w 
o w o h l m r -  
O m 4 O V Q  
o r - + o o m  m 4 . .  r o  
* d O V l r - *  
9 * Q + Q  
N o r - - m u  
. * ~ m m m  
v ~ w - m a  
I 
I 
m v  
N V  
-?In 
w w  m m  -or- 
4 4  
00 
I .  
'0 
r -N 
0" 
VI* 
d 3  . .  
00 
2; 
(" 
0 
r 9 - w  
o c  
c 
C. I 
(PI 
N 
0 
4 
h 
0 cn 
N 
i 3 u. c 0 0 . . . . O b  
O C C .  C 3 C O V ' h '  c o r  
* 
0 
I 
* 
0 
I 
4 
C 
I 
c c o  
O N  
N *  
I C *  
9 N  
.N 
mr- 
o m  
99 o s  
. d  
r - .  
LFLF 
PLF 
c m m  
I 
4 
0 
I 
UI 
r lN  o r - o m  
.De P m O N  
r - d  m e o -  
- N  * m m m  
N N  * 9 0 P  . .  m o o .  
Our Q m  e 9  
mr- 0 . o m  
; o d o d o d m  
I 
4 
0 
o m  9 m . 9  
c n r -  0 . 3 m  
m . . r o d o r l m  
l 
a N 
0 0 
4 
0 
I 
w 
e m  m m o c n  mcn 
O N  
9 9  
C d  
0 0  
p ' m  
0 0  
-14 . .  
tn4 N-ao 
o m  * d r y m  
4 9  mcnmr-  
o m  (r9d. t  
* u  
c. 0 5 C 
I 
-
I u.
* 
0 
I 
* 
0 
I 
* 
0 
W 
N N  
0 0  
I I 
N N  
0 0  
I 1 
a N 
0 ? 
m N 
0 
m N 
0 
m 
0 
U 
0 
u a  
0 0  
o c o  c o o  
4 
0 
4 
0 
w 
C K ’ C F I L T O N  
U C 9 9 N d  m u m c c r c  
e a o G - r - 4  
4 3 9 4 C N  
m c r u m m c  . - m 0  . r l  
o . . . e .  
4 c 9 4 a c  0 0 0  o c c  
r-r- 
m a )  
* 9  
- 9  
N b  
“-la 
- c  
* m  
. .  
r - * O  
* 9 @  
r P P Q  
9u-N 
. N N  
0 . .  
c - 4  
m m c  
0 0  
32 
09 
09 m a  
34 
1 .  
r - m  
00 
*-lo 
0.mr-  
.OO 
N d V  
a m 0  o e 9  
m w t v  
4.. 
m N N 
- N m  
o n m  
P-r- 
4 9  
I-Q 
N b  
-,m 
“ 0  
4 m  
m m  
. .  
r - * m  * a m  
o m s  
m m r -  
9 0 . N  
* N N  
e m 9  
0 . .  
r - 4 -  
00 4 m  
09 
09 
m m  
P - m  
-4 
0 0  
. .  
u 4 0  
*0.F 
rnNN 
0 0 0  
N “ P  
4 . .  
m m a  
*& 
!3 
0 
I: 
CL 
Ly z - 
a 
c 
VI 
3 
VI 
I- 
CL 
C 
VI 
a 
m 
9 
-I 
In 
0) 
N 
I- . 
a 
UJ z 
Q 
VI 
I- 
C 
Lu 
7 
CL 
dJ 
c 
VI 
0 
0 
I 
m 
h N  
0 0  
o e m 0 0  
9 9 1 r O - r  
0 O N P o  
0. 0 . m o - I  . . 0 0 .  
m m m  -0. 
r- - .o r -  
0-0304* 
m m e o w  
I 
m m m o o  m m * o m  
9 a m 0 4  
0 O N I n Q .  
@ o m o - 4  . . 0 0 .  
m m m e e  
r- r- .or- o - o e o ~ u  
m ry 
0 
m 
0 
I 
r l N m  
o n l n  
180 
mLTK 
VI n. a 
c c c  
5 0
c c o  
* 9  
N m  
- 9  40
.c 
e .  
O h  
9 -  
0-44 
I 
c c  
uu. 
i;v 
-I 
I- 
d 
- 0 E  
6 3  
9.4 
m o  
N -  
93) 
mlcl 
. .  
9 9 m  m m *  
9 9 -  m o m  
. m N  
N * *  m . .  
90" 
m m u  
n m  
3 3  
u u  ..
N N  
0 5  W 
r - m o r -  
.r * * O N  m m m o a  
m m ~ m o  m m m o m  . .00. 
m m m . 9  
r r . 0 m  
c.+o+o'- ln 
I 
uvuuvu 
Y W Y l u U W  
v l m m m v l v l  
m N 
0 0 
+ 
0 
c c c c c u  
U L L U L U O  
rn 
0 
.z .u 
0 3  
'a 2. 
w .  m 
4 
181 
5 hl P, 
c o o  
9 
o 
w 
.c, 
0 I 
c o o  O C O  
o e o  
m o  
9 W  
mr- m o  
* d  
a m  
m c  
m .  
0" 
c c c  
o c c  
9-  
-0 
O m  
Q *  
ffio 
N -  
094 
m c  . .  
-IN- u o o c  0 
c c r v 2 c . L p c ?  
O N c r . ? C  
0 . N d W  
9 F  .@0 
. m a . .  
9 - rc9r-  
0N-a.N-  
o m - m o  
c ~ m m o  
, . . . d .  
I 
O o C - m o  0 0 c  
m o  
90. m N  
m o  
N *  
N d  
c-40 
I 
l n m  . .  
- N o m * -  
o d o r - 0 0  
i n O O m N Q  
m o e m w r -  
d N  
0 0  
4 - 4  
0 0  
000 
000 
090 
P O 0  m o m  
. I -m 
m m 9  
d . .  
Q O d  
0 9 9-05 04  
4 * P o d  
m N 
0 ? 
4 
0 
I W 
O m  
9 *  
eN 
N U  
m m  
m-l * .  
0 0  
e m  
4 
0 
I w 
yr 'n 
N 4  
90 
- 0  
* N  
r-u 
-44 
N *  
0.0 
d 
0 
I 
W 
n o  
r - m  
Nn 
4 9  
9 9  * m  m d  
00 
. .  
m m 
0 
0 
0 
9 m 
m m 
4 
00.0 
u * m o o  
N  nom 
m m ~ m o  
In 
? 
* 
0 
N 
0 
m 9 
182 
d 
c: 
< c 
H . . . .  
. 0 9 r . C  
c u. c. o 0 0 0  
N m n i  u 
cccl c 
c\U r - C  
. v u  . .  
940bI- 
O N - U N H  O c O  
I . . . - .  
0 0 0  occ4VIo 
I 
d 
0 
cr @ m o p  
m m m o m  9 9 u O 9  
4 dNVI0  
VI V I m 0 9  . r o o .  
m m m . 9  
P- e * o m  
c - 0 4 0 - m  
I 
m c u o w m  
N O V I m w G -  
Nrr . d N  . . .u * . m  
h l 0 U O O V I  
m 4 
0 0 
m * 
0 0 
hl N V I O N  
0 O W O P  
* u o a m  
VI l n m r n .  . . . . g  
U u m - 9  
o o o Q d - l 9  
m m s m o  
m F I D D N Q  
m 
(3 
9 
0 
183 
.c 
C 
I 
c 
-1dJ h 
a 
e 3  
I C  
L u - w z -  
w 
0 ?u 
zc1 a z  
m * 
0 ? 
. . . .  d 
9 
0 
I 
184 
5 
r, 
C C I U  
c c c  
h 
0 
h 
0 
c c c  
c c c  
. . . . - .  
0 0 0 - m c  
I 
....d. 
O C O d l n O  
I 
I 
0 
I UJ
m m  m m h ~ o m  
-4 
0 
rl 
0 
I ul
-4h 
m *  
0- 
9 9  
r-N 
9 9  
V I 4  
00 
. *  
Q 4 
0 
n * 
0 
0, m m n 0 ,  
m m m o e  
0004.d-9 
m 
0 
9 
0 
9 
0 
185 
c c c  O C C  
c o o  
+ 
0 
I 
111 
9 9  m Q
r - *  
r-m 
*-I 
N *  
- IN 
000 
I 
. .  
c, 0 0 
d 
0 
I 
1U 
99 
m e  
X Q  
O m  
90 
0.0 
3 9  . .  
+.d 
a m  
r n h  
. . d d  . O  
ecTc00. 
h ’ h + - l V I F  
I 
m w  . ++ .  . .e. .- 
r u o I T o o m  
. . d  . $ 4  
N G * O C ) W  
m * 
0 
N N L F L F N  
. . . m m  
m 
0 
I w 
186 
- u J -  
c c  c 
t- 
0 
N l f l m  u c c c  c 
W 
c l - 2 2  2 
L ? c 5 > >  z 
"UU u 
l L L L I - 1 d  
z z  LCI 
d C X >  
i 2 w - In -1 u - z x n a  
O G U . C Z >  
X I T L L U  c 
v) (r 
w U' 
. . . .  4 .  
ooc3u30 
l 
X Z  
U C  u u  d z 
l- 
d L u  
a 
---cad 
dOL 
x 3 1 3 0 0  
0 0 0 0 u v  
- 1 2 - I d  
U U U U ~ X  
00- 
r r - r u u - .  
X X X X  
n o o o 2 - 1 7  
o o o o o o n  
V LU
v).. 
lil 
9r-  
N Q  m 9  
4 N  
+ Q  
0 6  
44 
0 0  
. .  
-1-1-1-1 
& U . U U X X  
00- 
- 1 - 1 - l - 1 - 1 2 m  
w w w w u u - .  
3333 v 
uu(Luuu0. 
9 
0 
l. 
0 
c 
0 I 
c 
0 
u 
- c o c o  
R Y U C C  
h . . . .  
. c - c *  
c m l n w 0  
c .  . u  .nooc 
c l - l n c 3  o o c  
000 
d 
0 
I 
L: 
N O  u o  
PIIN 
Nln 
r o m  
d N  
d N  
c c, 0 
I 
. .  
c c c  
000 
+ d  
c c  
I I  ULU 
N 9  * m  
U Q  N C
W O  m e  
U d  
o c o  
I 
. .  
m u m  
? ? ?  7 
N + r  * c c c  0 
I 
O m  
O *  
Nln 
a +  
N 9  
-40.0 
d 9 0  
0 0 0  
o a r -  
O * r -  
009 
O N *  
r-00 
m m o  . .  o m  .a* . .34 .O 
m m o c n  
N t - " d @ l n  
I 
. .  
4.4 
a m  
m m  
N N  . - - .  . .* . .m 
N o m 0 0 0  
W m 
0 0 
Q m 
0 ? 
N N In00  
r- r - m * m  
0 090.0' 
m m m u u  
N N O O N  
0 o m o m  * *90+ 
U * Q O a  u u o w m  
l- l - m c u *  
* . . m u \  
3 4 m . C  
Ornoadds  
I 
.+ . + N O .  
a o * * - r o  
m 
0 
9 
0 
I 
188 
m u w  u 
G G C  0 
U 
c 
N 
m 
N 
U' 
U 
? 
C 
I 
W 
cu' 
Vr- 
r - 9  - e  
el- 
k G  
0 .  
m C  
.r( 
000 
v\ 
0 
9 
0 
In 
r( 
9 
9 
ry 
9 
0-0 
4 
01 m 
(r 
U 
P 
N 
IC 
9 
d 
0 
I tu
Inm 
(Pa a m  
m r (  
W 9  
9 W  
m r l  . .  
00 
189 
c * ( c  c c c  
v.n I " m  
9 - Y  
< T  " e  .- - 
I-- 
. .  
* -  
* e  
9+ 
9 C  .-(c
u ' m  
c .  .c 
O N  
mrn 
O 
c 
w 
E0. 
* m  
c 4  
e m  
N U  m m  
0.. 
-0 
r - m  
I 
csc5 
U' U' 
C @  
o 
W 
0 
h' * 
0 
V w
VI 
4 
N * * 
5 I- z u  
A * ( r d  
00L.c 
I I I I  
u ' w  u u 
u v m u ' w  
v . u o l - - m  u 9 9 o h i  
b9N9rC 
r n m * o I n  
(040.09 
m m ~ m  t . . . .o 
O O O O V I  
I 
. .  
, . . . @ .  
0 (3 0 d us 0 
I 
. . . .  C .  
o o o o U l o  
I 
0 9uUlng 
0 W C W 9  
0 d 0 N I -  
0 N Q - m  . * m a t -  
Ul m - I - 9  
m . . e .  
I" m ~ m o  
d o m m m w  
I- 
U 
u 
w 
PI 
I- 
a 0  
3 
5 c L  
w w  
VIP 
a 
-- 
d 
L u d  
> W  
> 
w 
w w  
0 W  
- 0  
a C 0  
U P  
n a  
I- 
d +  
a d  
a 
W 
w w  
o w  -a 
a 0  
W P  
a a  
0 
a o  
a a  
L 
w 
w w  
o w  
-13 
a 0  
w a  
a* 
d N  
O *  
W 
o w  z o  
I - Q  
a z  
a a  
d 9 0  - I C  C O O  N 
0-0. c 
0 . m O  Q 
9 m N  * 
Y Q 4  4 
- + O N  Q 
o m .  N 
m o r - 0 0  
. Q  
V W
V).. 
\ - -  
o o 0 c J x z  
LuuJLuW e 1 
o o o o z z  
. .OD . d  
N o m o O - 4  
P VI 
0 0 
w w 
I 
9 
0 
m In 
0 
m In 
0 
u. 
uvvvr  
w w w n  
VImw I 
4 \ 4 0  
C t I - I - C W  
U U L L L U Q  
4 
? 
* 
0 
I 
- l h l m * m *  
on.- 
190 
m 
m 
3 
(n 
m 
W a 
4 
4 
0 
I UJ 
W 
(c 
w 
Q 
r- 
9 
e 
0 
4) 
N 
W 
!n 
9 
m 
5: 
9 
m 
9 
VI 
0 
0 
ln 
m 
0 
I- 
9 
ln 
r- 
J 
d 
d 
ln 
0 
I w 
m m 
d 
0 m 
m m 
0 
. 
4 
0 
I Ly 
a 
P 
rcI 
4 
0 
N 
VI 
0 
9 
t .m .d 
m o m o o d  
u 
0 
I 
191 
I- 
-I 'Y 
e 3  z c  
W C r l L l C i - .  
a 
a 
U 
w 
V I . .  
\ - -  
w u w w  . . 
0 c ) o o z z  
0 o 'a w r x 
Lc 
UUUVI 
w w w n  
V I V I l n  I 
\ \ \ L a  
c c c c c w  
u u u u u o  
u u  
Y .  VI 
> 
i u  q c  
I O  
07 
7 
a C  z 
will 
3 U  uv) 
e 4  
> c z  
I C  
CI' 
- e  
u 4  c z  
z- 
w - l  
u u  
u x  w -  
VI 
X 
I 
a 
a 
r u  
T 
x >  
w 
- C i  
U Z  
v ) w  
U 
Y 
z 
c 
2 1 3  
0 
Z d  
LJJW 
VIP 
a 
-I 
A 
w - l  
> W  > 
w 
w w  
O W  
-0 
Cia 
w n  n a  
c 
-le 
4 
W 
W W  
W i l l  
- 0  
CiO 
a d  
w a  
= a  
0 
a 9  
Cia 
Y 
w 
W U  
w w  
- 0  
L*o 
w 0  
n q  
d N  
0.7 
c * u  
C C, 0 
h *  
3 0  
I 1  
w U' 
r - m r -  
O N @  
Q C 0  
0 - c  
m .- 
0 0 .  o @ o c m o  
I 
u r c m  
c o o  N O  
00.0 r-r- 
QVIN 
o m o  m a  
m VI 
0 ? 
w w 
m m g m - m  
N N 0 * O O D  
. r - - l n Q d "  
* 9  * . e m  
r - c ( u 4 m 9 m  
VI . V I m o .  
r - O P 0 . 4 0  
m s m m  eo 
o d m r - ~ m  
* 
0 
r - N  
N "  
- 9  
. t -  
m 
. V I  
C C O C O r n  
C C N  
0 ON86 
0 * m m m  
0 
0 @-INN . 0 m * s  
0 . . . .  
0 r-r-(ro 
w c m m m m  
o m m  
.u r- . . N C  
o o m o o -  
m - 4  
m 
0 
NIC 
C N  
u, m 
~ - m  
a 0  . .  
e.4 
r-r- 
- 4  
m - 
00. 
.th - r n  
F m  
e m  
f f i .  
. @  
O N  
0 
C 
L 
0 N  
mVI 
0r- 
r -  
. m  
N o  
m e  
0 .  
40 
I 
r-iT 
*a 
s m  
I - *  
r-r- 
.O 0 .  
N Q  
e m  
m 0  
O N  
* O  
Q N  
9 .  
N O  
m m  
m m  4 a  
*V I  
00 
r - m  .e 
V I .  
4 m  
N m  
WIN 
I 
m u \  
0 9  
d m  
m m  
o m  
0 1 1  
.r- 
m r -  
N 9  
N m  
"N  
O *  
a 
c 
Lc 
e o  
I p o  
+ N  
Ip 
. L n  
O C O G O W  
N e  c o  
I I  
w U J  m r m  
m r c m  
Q F V I  
o r - m  
dNr- 
m 9 Q  m .# eo. 
o o o o m o  
I 
0 r - N Q I -  
0 O N 0 . W  o e m e m  
0 = * + e  
o m m m  
0 N * m  o 0 m o  
N * N m  
" m m d  
r u m -  * 
. d N +  
m . ." 
O O r n d 0 . 4  
m 
0 
-1 IC 
O N  
lnrn m m  
020 
J d  
cr- 
. .  
r.c 
rn- 
0 6 
* N  
- m  
l c m  sv: 
1 0 .  
O N  
0. 
C 
W 
O I N  
VIVI 
0.r- 
I-+ 
. m  
NO. 
VI* 
0 .  
-0 
r m  
u m  
m m  
m *  
r-r- 
-0 
0 .  
N Q  
u m  
m 0  
O N  
.O 
9 N  
9 .  
N O  
m m  
- w  
n m  
* m  
30 
e m  * *  m .  'm 
N m  
m m  
m N  
09 
m m  
O m  
N e  
.r- 
N u 9  
N m  
'N 
O *  
" m  
m r -  
OD 
C 
u 
IC 
m 
c 
N 
* 
m 
s c c c c  
h; 
0 
I 
w N N  
m m  
=I- 
0 c  
d f f i  
e* 
In. 
.O o o o c m  
I 
o ~ n r -  o m r - o  
0 o m s  c f f i s m  
0 O N +  . o c m ,  
0 . . .  
0 Q Q N  
w o m r n m  
0m0. 
O N "  o o u  o * o  
o m r n  
m m z  . r . m  
r - * .  
O O N d O  
m 
0 
Y m e ~ d m  
 NO*^ 
m m * e  
o r - .  .r- 
m 4 V I * *  
"N"VI* 
N * m m o  
9000." 
rCOVIVIN 
192 
4 0 0  
cl . .  
ln- 
ln r-b 
f F  d -  
e 
0 
I 
Lu 
m r - m  
9 w m  
0 
c m m  
0 m m  
a .  
0 O N  
w 5: 
. 
OL 
0 
N m N  
9 d N  
cl d v\ 
r- O D 9  
In m r -  
m r o  
In 4 m  
3 =" N 9  
-4m 
OCO 
InN 
9 O L  * *  
In. 
c l r n  
193 
(c 
G 
b 
t c 
m 
u1 
3 
V 
u w
VI 
4 
w u  
D U  
-Im 
G L  
U J W  
Ulw 
\ \  
t t  
u u  
V 
.Jw a~ 
Z O  
0 2  
2 a c  
2 
w w  
= I >  
Kv) 
I-4 
> c z  
- c  
V -  
r e  
L L 4  
I-z 
Z' ut -I 
v u  
u z  w -  
v) 
X 
- 
a 
a 
7 
I >  
0 
- x  
L w  u t  
w w  
V 
w 
w 
c 
-IC 
G 
TLL 
W L Y  
a 
L'  
w a  
4 
W - l  > &  > 
W 
w w  
o w  
- 0  
63 U P
o a  
c d e  
W 
W U l  w w  
Z G  
a d  
a 
- w  
w a  
o a  
0 
4 0  
I 
w 
w u  w 'A 
-3 
OLG 
a a  
w a  
= a  
d r y  
O U  
0 e 
u ur c o  
4 
0 
, 4 
0 
I 
V 
UI 
vl v )  v) 
tnvl . P 0 (I- C * 
I) 
u Y
VI 
\ 
N 
I) 
i$ z c  
Z U  
Y L  
LLU 
N N C C  
c (Eo0  
v o c o  
O N C O  m e c o  
. m o o  
h a  
3 
PO" 
m 4 0 0  
u - -  ut v VI 
w a n  
V 
w 
v) . mv) mv) 
w w  * + o r a  
0 0  
r - N N  
U W I Z  
33-I- l  
s ~ a a  
c 
U 
- l W  ( C d  c o  
0L- 
0 0  m u  
9 .  m a  
. r (  
r t m  
E f  
ZI 
"'N 
IC1 I 
4 d V V  
W 
O W  z 0  
a 4  
I - O L  
a z  
4 o w  
x a  oulz 
a c n r O s  
-luv)v)OLo 
a m o o v o  
o m m  N N  - m - -  
x 
In.. u v  W Y I  
ulv) 
\ \  
e +  
u u  
m 
0 
m 
0 
LL 
v vvv )  u w w n  
V L L  
W .  v) 
vl- a 
d c u m ~ n a  
o n -  
194 
U a? 
C c. 
U 
r- cr- d!r c u  
VI ' * -  LTc 
c .* R -  e *  
hi LT N 4  a m  
N *  - - Go' u . . .  
vl 4 hn-  9 . c  . F r-r- c c  
c c . c c c *  + d  c @ e d  
. .  
l l  
. .  U . . .  . .  * . . .  . .  
a c  u u v l d  9 9  
Ice m r-r- cr- c-' c c c o o *  - e  C C C - I  o c c o c u  -3 C C I - I - I  
9.n m 9 Y e  c c  . PP c c  
1 1  l l  
4 
0 
I 
U 
0 
4 c U 0 I 
Li' 
C T C W  
lri F * 
OIQC 
C N C  
d0r -  
m m o  a .r( 
.c. 
o o o c l r o  
I 
rL 
* e -  m o o  
n r- 9 
r r C h  
* * r -  
I - * *  m .e .c. o o o c v l o  
I 
m o  + c o +  
D O  m o o r -  
hnN r - r - o m  
0 0  *no r -  
0 4  @ L U O D  
avl r m l r m  
m e  m * . o  .o v * a u  
O N  S m m m  
m i n  
m a  
' 0  
C N  
0 
0 
0. 
0 
0 
0 
9 c o  
m o o  
-00 e o 0  
N O 0  
m o o  
N r-tn90 
VI N h n C D  ' N m r - r -  
m m - r -  
9 * V I * *  
c ! n m o *  
m . . . .  
0. 9 9 N O  
N O m m m h n  
iL1 
9r- 
r - r n  
mLP * m  
.N 
hnc 
V I M  
0 .  
-0 
I 
9 9 0 0  
m m o o  u - 0 0  o m 0 0  
O I N O O  
.mot 
e . . .  
m * g m  e m m u -  
dJ 
N' 
Q V ,  
.-r- 
*r-  
c m m ~ m  u '+eo - m c w a  
Q O W U  
(r '*e3 
u, N O + *  
(0 . . . .  
0 9 9 - C  
r u o m r n m m  
UJ 
hi- 
9 V I  
'r- 
*r- 
r-u 
h n V I  
0 .  
30 
. d  
I 
hnhnoc 
N N C O  
0400 
VIFloo 
Q m O O  
* m o o  m . . .  
m e ~ m  
4 m l r . h n  
L F m o c  
N N O O  
0 ' 0 0  m m o o  
m r n c o  .e 
I-@ 
hnm m .  
-0 
I 
. . .  
*.Om 
m h n m  
o m r - m - m  
m u m - N u l  
m 3 IL -4 N OI 
Q N V I O N O I  
o c o . .  .IC . ."OO 
NI-.d"vl 
r m c ~ o o  
I 
m m  * * - -  
* N * *  
r - m r -  
m c m  
( C Q O  
m r - h n  
* d m  
* V I +  
Q e m  
. w  . 
VIN* 
0 4 9 m  
09Ull- 
O r - N f -  o ~ m m  
o m r - m  
m 3 m m  
4 9 0 -  * - d o  
m N N N  
+ m e r -  
m o m .  
. o m m  
m e m  
o o - r - o '  
m m  m m m  
4 0- l  * 30 
m N N  
d * r -  
m a m  . m m  
m e m  
O O - r O O '  
VIm 
'm 
.O a *  
0 .  
N m  
9 c 0  m 9  
4 Q  
m N m  .+ h.hi + i - w  
m 9 9  
rl m m  
V I m . 9 .  
. o m -  
r- . r m  
O O N r - 0 . 4  
m 3 .  
m m  
m . m  oo-oo,+ "VIN* 
W 
0 
n 
0 
m 
0 
9 o  
o w  
Q m  
' W  ..-I
o .  
09 
I 
~m 
m N  
w 
0 m o O I r -  
V I N Q O O  
. w o o *  
d o - * . $  
O O W N  
'*90 
r * w w  
m h l 4  ' m W u  
* N  
0 0  
9 9  
00 m .
o m . t m m  r - *  m m  
NVI 
r - 0  e .  
.O 
*a 
m 9  
N m  
.m 
'IC 
N r n  
m a  
;*a .N  
p. 
(3 
rc 
C 
lb 
r- w 
e 
N 
* 
w 
c c c  
4 
O G C  
l 
o r -  
N r t  
m r -  
. 9  
* a  
O O N  
m e  
e @  
N O N  
6 
c 
c *  
c w* 
O U  
O C  
0 -  
mu? 
r-e 
C C d r  
. .  
I I  
cc, 
c c  
o c  
O m  
N U  
9 9  
r -e 
c c - r ,  
I .  
I 1  
C N  
O b  
O N  
c c  
O N  
- *  
4 (\I 
QI- 
4 -  
m a  
r e  
r e  
. .  
-' 
h'c 
P O  
a D N  u\ 0 
mr-  
a m  5 .  
.u 
C N  
0 
0 
u. 
c o  
m OD 
- m  
N N  
* L P  
+ m  
e .  
"C 
o m  
* .  
m *  
. I *  
C C C C C U  
U 
0 
I u 
6 0 3  
m - m  m m *  
* N -  
5 - 9  
3 d . n  
OI -3 
.O . 
0 0 5 c w c  
I 
* 
c 
m .-. . 
m * m m  
* m m m  
.O. 
c c o o m 0  
I 
u m o o  
d * C O  
9 m O O  
N ~ O O  
m h o 0  
. m o o  
m * a m  
r t m m m  
I n . . .  
N 9 C O  
m m o o  
N m O O  m * o o  
+moo 
. m o o  
0 9 0 0  
P 9 0 0  
9000 
e ' 5 9 0  
w e 5 -  
N N 0 - m  . C @ N N  
9 9 - N -  
. .  
m . . . .  e e m 0 1 0  
N O ~ ~ N L P  
N O  
NO: 
* e  
40 .uJ 
m m  
* 9  
r - 3  
O N  
0 0  
Nrn 
O N  
4 - 0 0  
3900 * m o o  
0 . m o  
m13 
09 m m  
m .  
09 
m m  
m e m  
m ern 
m e -  
a e m  
m 
* hi- * a m  
d N O  
0 0 - 0 0 -  
d N  
e m  .* 
m o  
r n .  
m 00 * -4 
u b N  
O D Q  . c. 
m c  
NV, 
" 
NU- 4 e  
m a  
4 .  
m * 
U 
m m G 2  
@ 9 9  
m m .  . m o  
m - 9  
0 0 - 0 0 -  
+ 
m tdm 
r l m  
O m  
m e  m 00- 
m 
0 
m 
0 
m 
0 
m 
0 
r-u 
40 
m *  
$ ?  
 ON^ o e m  
o * m  o e m  
o m m  
. s m  
~ m 9  
O d .  
e - w  
- m o r n  
h r - N N  
r u m o m  
. 9 * m  
m . 3 - 0  
m a o o  
O + N 0 1 3  
o - n a m m  
0 9 . Y m l -  
0 . * m e  
o m * o e  
. N P  .O 
U O  
09 
a m  r - .  
.N 
h e  
rum 
m a  
.O 
N m  
I -m 
m s  
.* m m  
m 9  
N m  
e m  
96 
N m  
a2 
c m C 
P 
C 
u. 
- \ c  *m r- 
U, * 
ln 
I m 
O C *  
d 
d 
I c 
Q 6  
m N  
c o  
F M  
ECIC 
I" r-r- 
crl 
. .  
" b  
m a  
m m  
- 9  
9 -  
* V I  a:. 
.m 
O N  
m 
C 
W 
9 9  
* N  
*I 
Ir- 
* Q  
dh  
O m  
C .  
N O  
I 
- 9  
IC- 
N r- 
N N  
m m  .* a .  
ah. 
l n m  
IC" 
O Q  
* O  m m  
d .  
40. 
m m  
-4r- 
-4m 
ICN 
001 
mru 
N O  .u 
r - .  
-ln 
W I N  
m r y  
I 
CCD 
0- 
c m  
0 6  
D C  
U,.n 
cr- 
C C C - I  
. .  
I I  
o c  
00 
C C  
O C  u c  
m a  
& I C  
c c - r l  
l l  
. .  
oc. 
c c  
C G  
N *  
WCP . .  
3 0  
c c  
O C  
J U  
r -c  
r - 4  
r y c  
" N  
c 
yIU, 
h s l c  c c e -  
I I  
* 
C 
* 
C 
I I 
u) 
r - c m  
m r - m  
5 2 %  
m 0 Y l  
C b C  
0 ." . m .  
C O O - Q C  
O N *  
=IC4 rn .,-I .e . o c o o * o  
I 
r n - 4 - 4  
* N * 4  
m m m  
Q +  u o m  
rl = V I  * h .  
e o  
m .O 
0 0 4 O O N  
m -49 
4 0 9  
m m e  
* - r* m .- 
0 0 4 0 - 4 N  
Q 
0 
m 
0 
O O N m  
i . 0 0 "  
-0-44-0 
u .m  
d m N *  
m m  O N O N l n  
O h N N d  
0 - m m - l  
0.090) 
O m m V I Q  
.*a .?-I 
o* .OI 
a a w a  
n n  
L? 3 
9-  I r n  
h .  
* O  
90 
N h  
9 .  
* 9  
9 0 1  
a d  
c 
c 
b 
C 
c 0 c c  
O C  
c c  
mf-  
* 
C 
I 
* 
C 
U 
C P +  
. i ce  
* l r c  
U O C  
h6.t 
r - N C  c .- 
. P .  
O C C d * O  
I 
* 
C 
I 
Lc o u c  
~ m m  
m F *  
m I - c  
m e *  
r N o c  
m o o o  
C N P O  
- . c o o  
" N P O  
. m N C  
* . e .  
* v m m  
m e m m  
C G O @ * C  
o c o o  
r - o o o  
W N O Q  
. F O d  
L n . . .  
m * 9 -  
.$-I"Lplr 
cvooa 
m m c w  
m 0- 
* NO. 
m n o  - u m  
m r-• . 9 m  
m .h 
00.40.4N 
m o  
m -  
I-r- 
VIm 
0 m  
VI- 
P -  
90: 
m r -  
m Q  * *  
4 m  
.D 
IC I .  
O . h  
of-  
NN 
I 
u m  
9 3  
d N  
Q N  
C .  ." m w  
m u  *" e m  
r lN 
O +  
u m m  
m Nr- 
.4 + V I  
m 0 .  
m 
0 
W 
O N 0 "  
. f - m n * S  
r - m . t + m  
m 
0 
m 
0 
Ly 
0 - m o m  
m s o m m  
. ( o m o m  
ern .o. * . m  . 
d V I N *  
co 
C 
U 
c 
W 
i r m  
4 3  
r *  
Po, 
N C  . .  
* e  
r -+  - 4
cr -  
F m  
m *  
4 e  
0 0  
W Q  e .  
.P 
O N  
0 
C 
U' 
or- 
lnd 
e- .* 
O *  
N m  
NC 
e m  
- .  
N m  
9ln d m  
* N  
. w  
C .  
P C  
W *  
w m  
c c  
t c  
0 0  
m o  
Ire 
o c  
G O  c. c 
90 
&r-  
m m  
I .  
b h  
c c ' + b  
I 1  
o c  
0 0  
0 0  
0 0  
0 0  
9: C' 
w, e 
L P W  
. .  
a m m a m  
w * P o  
o o v o  
-4960 * . P O  
.&e* 
+ o m m  
P *  . m c o o  
m - * *  
P O  
P 3  
P O  
06 . .  
-lo * *  
m r -e e * o  
m m  
m Q O  
3 m m  
m m e  
m w  
m eo 0 0 - o ~ m  
m e* 
4 u m  * Po1 m * o  
3 o m  m Q .  . m m  
h .N 
O O d O N h  
O l n  
m *  
0 -  
o* 
NVI 
Nln 
Q N  
W d  
. *  
P -  
4 m  
r -N 
* 9  
P .  
O N  
N N  
m o  
m e  
0 0  
Y r 9  
-I* 
a m  
0 .  
. 9  * m 
Ur- 
i n m  
o* 
m m a  
o m  
m m o  
* - m  0 m m 
m 
0' 
0 
0 
m 
m * m 
4 . * 
N 
N 
I 
m 
e 
JI 
P 
c 
e * 
m 
4 
9 
4 
0 
d - *  m m e  
m . 9  
o o d o m m  
. d d  
m 
0 
u) 
0 
O h o m *  
O m N C h  
o m m * N  
0 r r - d q  
o r - d * m  
.PIC .a o m  .-* 
o m w e  
* h 1 9 m r - o  
199 
Lc 
C 
Ilr C m  
L O O  
e o  
C G  
0 0  
0 0  
0 0  
N *  
c c  
O C  
O C  
O N  
- c  
0 0  
0 0  
c c  
C d  
G m  . .  
nc” 
4 %  
U *  a m  
m r -  
h c  
*I- 
. .  
d- 
cc. 0 
Q N  
e m  
h Q  
m a  
GI- 
9 .  
.0 
O N  
0, 
0 
u 
m m  o m  
o m  a -  
.N 
9 U - l  
N .  
N O  
e d  
I 
d 
I- 
m 
4 
0 
G 
I- - 
r, 
m 
m 
rpI 
m 
r- 
0 N
Q 
0 
LJJ 
N m 
c * 
0 
m 
0 
m 
N U  e r r .  
. r .  
m *  . ( ”  
C C C @ G *  
* V I  
r-I- 
c c e r r  
I 1  
* 
C 
I w 
9 4 -  m m c, 
m o o  
N e -  
o m c  
m m m  
- 9 u w  
+ W U 0  
N h D Q  
Q O U U  
N O U U  
.*or- * . . .  
m * m r -  
*(”mm 
m .- em e 
O C O 4 * 0  
I 
4 . * .  
m * m c  
4 m m m  
o m 0 0  
m a o o  
“00 
*eo00 
O m G C  
* N O C  
9 1 . .  
m * m c  
4 * - t P m  
c m c 0  
+ * O O  
9 N O 0  m O C Q  
Q o o m  . m o o  
m . . .  
m * m 9  
4 v m m  
m a  
9 Q  
L P l N  
0 N  
N C  
N 0  
* m  e- 
. .  
m PI- * o c  * m a  
m m m  
4 mcr 
m m i  . -01 
m 
0 0 - o * *  
5 u a m  m * * 
m 
m 
m 
A 
00-0 
. 40 
m em 
o o - r o m m  
* . m - .  
-LAN* 
m 
0 
m 
0 
O m  
O N  
* 9  N C  
N * 
0 m 
m 
0 
m N m  
I 
h * m 
c 
U 
r- 
4 
m 
r-m 
m m  
p.0 
-r- 
0 .  
. m  
N m  
Qr- 
a m  
m - 9  
N d U 7 . T  
oc 
G 
e? 
C 
U 
0 
U 
e m  
L p *  
b y \  
h : m  
F 
IF 
0 
0 
N 
.t 
m 
0 - Y  
* 
C 
I 
c c  
O *  
m~ 
r - *  
m r t  
00 
0 4  
Cac 
F r  
a *  
u' i- 
C C I - 4  
. .  
r e  
I I  
u .  
C t  
. I "  
o o o o c u  
U 
0 
I 
I w, 0 
C Q  
-VI 
96 
U N  
w .  
* O  
m o  
.d  
U 4 C O  
9 9 O C  a m 0 0  
r - 0 0 0  
o m 0 0  
. N O C  a,.. 
m * m r -  
u m m l n  
U U O O  
9900 
9000 
r - 0 0 0  
r n r c . 0  a , . .  
m * m +  
U m M M  
o m o o  
N 9 N m N  
VI m r - n w  
o m 0 0  
m m o 9  
r o m m  
d m o m  
o o m  
0 VI41 
0 N d  
VI @ I -  
m m r -  
c L n .  
m - r  
m * m  
O O d O U U  
I 
* N  * *  d M N U  
m 
0 
m 
0 
m 
0 
d 
In m 
9 
r- 
0 
M 
4 
. Lno 
UJ 
M V I  0 u m  * O D  
NO, 
m N  
@ V I  
w r  
M M  
9 N  
N m  
r - m  
I 
.I- 
m s  o u  
M N  
mhl  
9 .  
-0 
m y \  
a0 
N 
9 r-
r - m  
m N  
N o  
*In 
U P  
e m  
m .  
N *  
N .  
V I M  
9 N  
rum 
I 
0 0 
b 
C 
02 
C 
U 
c 
U 
c 
IL 
I - *  
V I -  c c  
t % D  
- 3  
U 
e *  
. r "  c c c n c 9 
0 0  
+ h  
c* 
a - 9  
PIC I-c
m r  . .  
d d  
rrc 
Fu  
m u  
<PI  
PI0 
N e  
$ 0 :  
O N  
0. 
c 
L 
m O  
h e  
0 . m  * e  
.m 
N C  
N *  m a  
N C  
c c  e c  
n x  
Q d  
c c  
c o  
o c  
00 @ r n  
mi-- . .  
* w  
r-e c c - 3  
I I  
. .  
* u  c c
c c - -  
I I  
y \ *  . m  
C @ C C C F 1  
U 
G 
* 
c, 
hPlN 
Q - c  * * -  . m .  
0 0 0 ~ * 0  
I 
*--. 
m . r (  
- Q  
c c c - 4 0  
m - c  
I 
* &  . 
c c o - * o  
I 
W Q W W 
0 0 0 0 
UJ 
+-0*09 
* W Q W W  
N ~ Q W N  
W I -  . . 
m m c n u ~ ?  
"ICNS 
9 N 0 , O m  
9 . m * m  
+ O d d 4 0  
W 
o m m 9 m  
- 9 N 9 N  
~ 9 m r - m  
m f i  ~ 
m m . .  . 
9 N  
N m  
I 
0: 
c 
cc 
0 
c i- 
* a  
m c  
u c- - +  
:: 
. .  
6 4  
o c  
P U  Q m  
e m  
v-4 
r--  . .  
r - m  
m m  
c o  
0 0  
0 0  
0 0  
0 0  
0 0  
mI-  
!nm 
. .  
v m  m e  m m  
m m  m m  
m d  
0 0  * *  
. .  
.sP m m  
m w  
Nul 
mr- 
m m  
. 4 r  
m .  
N *  
I-Q e m  
-40 m m  
m d  
4 r -  
a n  
m .  
N U  
* J  
C *  
* E  
-.c. - *  
P O  
+I- 
. .  
e" 
m m  
* Q  
J f N  
* 0 1  
9-  
-E 
m r  .u 
O N  
0. 
C 
LL 
0 0  
P N  
- N  
O F  
.9  
* a  
v u  
4 .  
N C  
I 
- m  
O F  
V C  
U *  .m 
- e  
N .  
e@ 
m -  
l n m  
rt- 
- m  
C N  
Ur- 
m e  
r ( m  
m *  
. .  
d m  
m 0  e a  
l c m  .m 
N .  
* N  
Y N  
N m  
I 
r- 
F 
M 
m 
c 
e. 
r- 
3 
*, 
IP 
\Q 
9 
0 * 
C 
- 
6 n 
0 m 
9 
m 
N 
d 
9 
9 
9 r, 
VI 
m 
m 
4 
0 
0 
r- 
0 
m 
m 
N 
ln 
* 
IC 
9 
9 
IC 
IC rl
N 
I 
c c, 
C'C 
. .  
* U  
r-c c c * *  
I 1  
.t c 
I 
* 
C 
J 
C 
I I u 
r - F  
4 C . s  
0 - *  
@ O U  
I w
4 )co  
P r - W  
Nr-IP 
CCUQ 
r-r-0- w m o  
I- e -  
. I - .  
o c c - * o  
I 
* - 5  
+ P m  
r- .d 
* I - .  
C O O d * C  
I 
0 9 4 " "  
m m m c  
I - N P O  2 o m o  
c .ua 
Q O O O O  
N r - d 4 r r *  
I 
o ~a 
0 m *  
0 014, m o c  
0 r -0 
0 oln 
o m e  
s S N  c I - .  
W 
0 
m 
Q 
m 
0 
W 
203 
m c 
204 
s 
0 
ar 
c 
U 
C 
O N  
Q d  
m a  
- *  
* O  
r-r- 
o m  . .  
c-4 
b b  
09 
9 *  
* *  .u 
O N  
m n  
mr-  
o m  
u 
0 
w 
r--0 -4o m N  
. w  
9 9  
N O  
~m 
:: 
m m  
v \ 9  3 m  
* m  .r- 
VI* m .  
m N  
4-  
VI 
C C I C I C O  
d 
W 
U b  
O m  
0 4  
69 
In- 
m o  
. 4  
r - .  c 0 0 0 4 0  
UI c o  
CUI 
* Q  
I-- 
5 0  
r-. 
O O O @ * O  
I 
r m  
.- 
c - l  
N - 0 5  
m o m 0  
I - - o * @  
r - O Q *  
~ m m m  
o r - ~ m  
o o m .  . . .I- 
O O r - C 9 *  
w 
t 
a 
. . w r - V I  
VI5000 
h194-4- 
w 
0 * o  
0 * V I  
0 m o  
VI *I- 
a N b  r- m .  . 4 V I  
m * P  
00-or-VI 
I 
0 NN 
0 o u  
0 r-n 
VI - 4  
h m .  . N *  
0 0 d O Q 9  
I 
Q m o  
m .N 
N O  
V I 4  
* N  
No  
N P  
m - 4  
'l-! 
m m  
r n b  
# Q  
m m  
90, 
.I- 
r - .  
C N  
4 N  
N m  
I 
Nu 
Nrn 
0-7 
9 9  
9 9  N P
m r -  . .  
-4m 
4 N  
O* 
0 9  o m  
O N  
V I 4  
4 ) Q  
C O  . *  
4 , .  
00403, 
I 
v u  
w u  
m m  
4 4  
c c  
uu  
I T  
Z Z  
X I  
L Z  
4 N  
U *  
(0 
0 
m 
0 
l-cl-.cLilii 
u u u u u o  
O h  4 *  
O N  r - 4  
o m  * -  
0 .  e o  
0- m o  
.IC .N 
o m  u .  
* Q  N N  
m - o Q 4 O  
O h  - 4  
O N  * m  
o v  C U  
0 .  4 3 0  
o o  u r  * a  I - m  
V I - 0 9 -  
o* .I- or- . 4
v u  
w .  V) 
205 
pl 
C 
5 
C 
X 
c 
m 
0 
Y 
r - r -  
r - m  
N b .  - e  * 
m a  * w  
C G C O O 3  
m a  
r- 
r- 
N 
0 
U 
d 
F 
U 
U 
0 
I 
U 
9 
LF 
N 
N 
P 
0 
- 
3 
9 * 
e 
4 
r- 
9 
r- * 
.rP - *  
Lpm 
p l m  
c* 
m 0  c c
. .  
3- 
c c  
* w  e v  
I - m  
a* 
ub. * .  
.D 
O W  
W 
c 
U 
No 
09 m e  
oN 
. O  
9 s  - *  m .  
N O  
I 
9 U  
h(c 
P4 c r - m  
P *  
Leo 
r-r- 
. .  
4 -  
hi* 
* N  
m *  + e  
9.f 
P r n  * .  
. P  
0- 
4. 
0 
Y 4 N  
U P  
o N  
. C  
lt9 
'U V I .  
N C  
m 4  
I 
9 F  m *  
e* 
* h  
I-* 
r - L C  
I-r- 
-3 
. .  
5 -  
*.t 
9 N  
r - 3  
9 L F  
* .  
* P  
O N  
e m  
0 c 
U 
0 -  -le 
r - m  
LF, N 
. O  
9 9  
4 4  In. 
N C  
I 
C F  
urn 
s 3  
E N  
u *  . .  
m o  
r-r- -3 
N P  
r p 1 9  
In- 
r -N 
9 m  
u .  
. P  
O N  
P a  
0' 
C 
LL 
* L o  m 9  
m m  
oN 
.O 
9 9  
-l* L e .
N O  
I 
Olc e m  
m h' 
u *  
r-r- 
4.4 
m e  
e o  
. .  
N Q  
L n 9  m e  
r - N  9 m  
P r n  
O N  
:; 
P 
0 
LL' 
* L o  
In9 
m-4 
.O 
9 9  
-rU o .  
N O  
I 
m m  
* 
d 
I 
* 
C 
U 
0 
. 4 u  
0 0  , I 1  
U Y  
Ln 0' c. 
3 Q r -  
h o c  
w m ( c  
c + c  
-4.0 
.f- 0 c o c o * o  
- 1 3  
I 
u 
4.5 
r - m  
*r-  
0 0  
0- 
9 C  
h .  
.3 
o o e. o 4 o 
I 
U 
CU- 
o u  
F U  
* O  
U - 0  
m m  
e . 4  
u 
U *  
m i r  
* 9  
.-..lac 
0 0  
LFC 
r - .  
o c c o u o  
.- 
I 
l - .  
0 0 0 c. ., 0 
I 
m m r - o  
3 - 9  
urn * a  
o m  
r r -  
mr- 
6 .  
X N  
4 m  
m m  
m m  
e o  
v 1 9  .r- 
@I- 
o .  
P N  
3 m  
m m  
m m  m 
P 
o *
-I 
(E 
or- 
e .  
(ON .4m * 
90 
hi" 
- 9  
f f i W  
Ne 
m y \  
Nr- m -  
. .  
No 
m m  
9 m  
*r- + .  
h N  
- N  
N m  
I 
m m  
Fie * -  
9 N  
9 9  
9 9  
Nr- 
1t 
- m  
HN 
O* 
0 hie 
0 et- m o e  
r- m .  
o m m  
m m m  
* N  
O D  mr- 
r -N 
Ne  
Nr- 
o 3  
. .  
m n  
r -9  
r -0 m *  
m m  
.IC r - .  
r -N 
" N  
I 
~m 
w 9  
JIr- 
e -  
m r -  * .  
9 9  
9 9  
Nr- 
- m  
4 N  
o* 
o m m  
o m m  
0 n o  
rn *r -  
m O N  
r- m a  . .O 
CO m N  
oo- lo -0)  
I 
m 
0 
0 u m  
0 o o  m * m  
r- 9 .  . . 9  
O O H O - l W  
I 
o m m  
m (rm 
m * a  
. . W  
OD O N  
0 0 ~ 0 3 r -  
0 
I .- 
m H I ~  
O O d O 3 r -  
I 
m 
0 
m 
0 
w 
r - m m o -  
. - m o o  
r - o * m 9  
o m  e I 
s m m m m  
9 N 9 0 0  
9"N9 
0 * 9 9 b  
H O H H d O  
w 
NVI . - r rnO 
* * o m 9  
r - m r - 9 -  
9 9  0 * .  
. 4 m o i n o  
or- P O  
O N  O h  
3 x 7  * h  
0 .  r - w  o *  9 *  
.r- .* 
O D  4 .  
i n - O P - 4 0  
- l N V I * m 9  
m a  - *  
o n -  
9 - w  
O.* 
206 
a 
C 
0: 
C 
m 
0 
R- 
0 
. ln 
o c c o c -  
- *  
0 0  
CLTR 
&-O 
( c m e  
r-r-0 
" * 0  
.r- . 
o o o - ? * c  
I 
! L A  
mr-m 
* .- 
m 
0 
W 
c c  
e m  
c lr* 
r i r  
~m 
c m o * m  
0 0 0 L F U l  
0 m N 3 m  
0 0 9 c 9  
0 0 0 0 .  
0 . . .  C 
o r - r - e m  
m m o u  
0 o m  
0 * Q  o m m  
m 0 P  
m *e 
r- m -  . . m  
m m m  
o o r r o - m  
I 
m 
0 
" d o d m  
-"m*m9 
o a d  
.t 
* . n  
. L F  
c o c o c -  
* 
@ 
w 
9 -  
m o  
mr- 
90 
J C  
m m  
.- + .  
o c o o u c  
I 
. I .r- 
cc---* 
o o m  
o  VI^ 
m 9 -  . a m  
m m m  
0 0 - 0 - m  
0 U Q  
ul P 0  
c m .  
I 
m 
0 
U 
? 
lil 
m r -  
m o  
r - *  
(cc 
m 0  
* C  
.d 
I - .  
o o c o * 0  
I 
0 m m  
0 NO. 
0 lnc 
VI m m  
m r-4 
h N .  
m 
0 
W 
o m m c r o  
N 9 6 " O  
m m  
m m - w m  
. - 4 + m -  
U I C C  
r- L* 
* 
L F . c  
. L F  
c c c o c r ,  
n m  
N ?  - v  
U 
0 
.+ 
C .  
o o o c * o  
I 
. . .r -  
O @ @ C O *  
I l l  
o cr- 
0 09 
0 m *  m O N  
m m o  
c m .  
- 9  
Q - 9  
0 0 r . c - r o  
I 
m 
0 
u 
C L F r r r - r n  
eN 
P C  
9 9  
OO. 
m m  
N h  
2nd 
Y ?  
40 
N -  m e  
.h  
9 .  
(CN 
- N  
N m  
hr 
I 
" 9  
"0 
a- 
d +  
e 9  
9 9  N h
d r n  
. .  
- N  
O U  
Li 
c 
ln 
r- 
N 
* 
VI 
c 
c c o c o  
. . .  
oo"-" 
I l l  
o m  
0 9  
0 0  n o  
m a  
h V I  . .  
a 0  
00-0-l 
U 
c. 
U 
C 
u 
r - r -  
LF. e 
e m  
N T  
- 0  * 
V I Q  
. L F  
O C C C C r r  
6 
c 
a 
c 
CD 
C 
e oc 
m 
m 
0 
d 
VI 
I 
* c 
Lu 
0 * 
C m 
0 z 
0 
W e 
N 
c 
: 
c * 
UJ 
r - c  
LT m 
c u -  
(r, 03 
- 0 .  
r, 
m a  
. I n  
C C C O O -  
* 
0 
I 
U’ 
.-u m P  m 9  
00 
-0 
r-• 
C C O G * O  
c m  
. w  
I 
0000 
m u 0 . m  
9 * - m  
*9*0 
O O N r n  
m m -  . . .h  
O C N N N . ?  
I l l  
u - m - 4 0  
9 C  
07 
m e  
.?- 
w e  
e o  
r - r  
. .  
3- 
I 
e 0  
0 9  
N d  
L P Q  
9 w  
* .  .e 
O N  
o m  
0. 
0 
UI 
C N  
O *  m w  
0 N  
.o 
9 9  :: 
N C  
I 
* 
0 
r - .  
o o c o u o  
I 
m u, 
a *  
-4r- 
9 c 
0 e  
90 
r-r- 
. .  
d w  
I 
.j,r 
3 G  
3* 
LT, e 
9 y: 
e m  * .  .e 
O N  
0. 
0 
W 
N W  
0 0  e +  
e N  
. C  
9 9  - *  m .  
N O  
I 
U 
C 
. d  
r-• 
c o o c u o  
I 
* I C , - *  
w 9 m 3  
m r - 0 m  e m c m  
-0-0. 
F W L F L ?  
4 - 4 5 .  , . .e 
O O * . i t r *  
I l l  
I\.N 
0 0  
LF.? 
r e  
7: 
b C  r-r- 
3 w  
I 
00. 
N 9  
0- 
L P U  
9 V I  
:; 
O N  
U 
C 
UJ 
9 N  
d C  
O N  
.O 
r - 9  
3 *  
L F .  
- 0  
w r -  
I 
U 
r - c  
L F m  
r - m  
p.? 5 r u  * 
* 
0 
I W
- 4 T  e- 
O N  
O N  
4.- 
Q O  
e .  
c c c o * o  
I 
.- 
0 . - L F -  
e - I -0  
0 * N C  
N e 0 0  
S N N d  
N - 3 4  
4 4 c .  . . .r- 
o o m L F * *  
I l l  
C, N 
Chd 
a N  
U P  
-.t
m c  
. .  
r-r 
3 3  
I 
cu- 
0 -  
* e  e m  
* .  
.e 
O N  
N m  
0 m  
0 
b 
w 
e m  
wp” 
h O  
C N  
.O 
C G  
3 u  
L F .  
N O  
I 
U 
0 
* b  
* 0  
g :  
N m  
* o  
r-r- 
4 4  
. .  
I 
.?N m -  
r n N  
.?C 
9 9  
e a  * .  
.e  
O N  
o 
0 
W 
-r-  
0 0  
90 
O r .  
.o 
r -9  
-4.9. 
L F .  
-0 
I 
N 
N 
0 
3 
5 
0 
4 
0 
0 
9 
o m m  
0 * m  
0 in4 
VI W N  
w 4 .  . .a r- m m  
m o  
N N  
e m  
m r  
. .  
O o l  
*In 
N e  m . 4  
V I 0  
QI- 
90 
. o m  
.h  
9 .  
- N  
-4N 
~m 
I 
3 r d  
e* 
* 3  
N h  
IC9 
9 9  
N h  
. .  
d m  
- N  
O U  
0 N m  
0 r - w  
m 9 0 0  
w m .  e -4 . . 4  
m r. 3 
O O r . O N 3  
o e m  
I 
0 m l c  
r- 00 
* 9  
O C . 4 O N - 4  
m 0 3  
I 
W 
0 
0 0“ 
0 9-  
c e-4 m e m  
m I - .  
r- 00. . .O 
5 ICN 
C O r r O N -  
I 
4) 
0 
00.. . 
m w o v w  
2 08 
rc 
a 
- 
c 7 c 
U 
Lr 
I- 
h 
* 
Ln 
c c 0 C' c. 
c 
e 
W 
l n m  
c m  
N a  
4 0 .  * 
m Q  
. k n  
c c: c c 0 4 
* 
C 
UJ 
mu- m e  
0 0  
N 9  m r r  
e 0  
. C (  
e .  
o o o o * o  
U 
O 
rJ 
0 
I u. 
* 
C 
I w 
r - &  mnm 
I w
.QN 
9 m  " *  
(ce 
m~ 
mCY 
a .  
o c o c l * o  
I 
.d  
( E .  
o o c c * c  
a 
C O 0 G . f  
m .  
o c c o * o  
I 
'do 
C C - 4 d - r  
I l l  
0 00 
0 P O  
0 m o l  
VI N 9  
m 4 .  
L m h  
m N  
09 
9 9  
0 - *  
0 m m  
0 m *  
v\ 90 
m 0 .  e 9 e  * .m 
m m m  
0 0 - 0 m -  
CrC 
m -  
Nhl 
e m  
ole 
Nln 
N h  m d  
. .  0 04 0 C N  m H *  
m - 4 .  
r- * 9  . . m  
m 4  o o - o m r l  
I 
o m e  0 e *  0 N O D  
0 90 
ln e m  
m m .  
I- 0.9 . . O  
m o m  
0040*- 
I 
O N  
o *  m *  
o m  
2:: .~ , . .  
e . O  
m dc-7  
I 
0 0 - o m -  
- . .  
m m  
00-o* 
I 
m 
0 
m 
0 
m 
0 
m 
0 
e- 
m s  h
4 N  . w  
9 .  
r -N 
dhl 
h l m  
l 
o - m e *  
~ N O * N  
N N * * W  
m 
209 
r m 
Ln 
a 
W 
9 
In 
d 
L 
U 
0 
I 
W 
VI 
m 
0 d
m 
2 
0 
r- 
m 
r- 
Ln 
VI 
u 
m 
m 
d 
m 
Ln 
ln 
0 
ln 
U 
m 
C W  
.t 9 
Urn 
C ?  
.KIP- 
m v  
. .  
m c  
# -  
I 
Q P  
e a  
4 . c  
9 9  
0.5 
O N  
m m  
5 ;  
c 
C 
Lu u *  
m N  
0 -  
N -  .o 
r-9 
- 4  
L n .  
N O  
I 
+ *  
Lnr-  
mtn  
.0. 
9-  
0.. 4)N 
# V I  
r o  
6 
C 
LL 
h r -  l n m  
U 
0 
I 
UI 
c P\' 
4 0  w e  
- 4  
4P- 
r - 0  
. r (  
( 0 .  
c o 0 c . t o  
I 
d i n d + d 4  
I 
(c 
0 
U 
r - r -  
W r n  
r - ! r  
N W  
- 0  
U 
6 . c  
. ( r \  
0 @ c c, c. e 
4 
0 
I 
w 
C2.t 
- 0  
"
IC1096 
ou0.0 
l n + d N  
0LP0.c 
LnN94 
4-40 
m m N m  
O O d d d *  
. . . .  
I l l  
W 
c 
4 
0 
w 
P-N 
0.N 
0.r- 
N P  
L n *  
I-0 
. d  
0.. 
c o c c * c  
U 
0 
w 
P - U  
U 4  
NLn 
0 %  
m 0  
0.. 
o c c 0 4 0  
I 
m u  
. d  
Q L n U a r -  
+ N O *  
4 O C N  
U r - 9 6  
dCN(r ,  
m r - r - r n  
* * m 0 .  
O o - d - 4 4  
I O  
. . . .  
r( ln 3 d 4 u 
I 
U 
C 
UJ 
b r -  m u  
C I S \  
d 0 .  
.i 
m 
U 
0 
I 
UJ 
L P h  
-a 
0 . C  
N m  
N W  
90 
0.. 
C O O C Q O  
. I I  
A V d d 3 4  
I 
Q -  
m . 0  
hr- 
N c r  
* C  
Qr- 
I 
. .  
* e  
" 9  
LPC 
(P-  
m N  
9-  
w m  u .  
0 0 ,  
CrU 
3 
0 
!A' d m  
m m  
$ 5  
.O 
r -9  
"U L n .  
N O  
I 
P-4 
r-- 
9r- 
0 0  
- 0  
P - m  
0 .  
m N  
-!A- 
W 
0 
0 
0 
9 
0 
m 
0 
m 
0 
210 
u? 
C 
a 
0 
c 
0 
. V I  
C C C O G e  
* 
0 
Lu 
I - 3  
wRI 
m r -  
a m  c m  
m s  
Q .  
O O O C * O  
.d  
I 
- l * d d d *  
I 
m 
0 
0- x u  
09 09 
o m  d m  
0 .  h r r l  
. m  r m  
09 I C Y -  
N D  Q * 
09 a 4  
- 4 d O - m o  
Ly 
c c  
m a .  
+ V I  
- 0  * . 
m a  . m  
o c o o c -  
~m 
* 
0 
I w 
-3.6: (uc 
m m  
9* 
* Q  
- 0  
0 .  
O @ O O V I O  
. d  
0 0.0 
0 9 N  
0 * V I  
c N O  . .N 
m VIP 
O O d O 9 d  
g $ 5  
I 
4 
0 
I 
$2 
0 .  
o o o o u - 0  
m i Q o q *  . .  . 
I-r-90 o o - d d m  
I l l  
0 * m  
0 “ 9  
0 m *  
v\ m m  
m 0 9  
r- e* . .IC 
m W U  
0 0 4 0 9 4  
I 
I n 9  . m  
c 0 0 0 c I.) 
I 
lil 
Nc\ 
9 N  m m  
VI* 
mr- 
r-0 
0 .  
c o o o u - c  
.d  
0 N m  
0 m 0  
o m m  m m m  
m C .  
I- a m  . .N 
m N O  
O C d O r - N  
I 
m 
0 
04 c m  
09 rym 
0 .  m m  
o m  m a  
. . N u m * Y r *  
o n -  
W 
* 
? 
d .  
o o c o m o  
I 
. . . .  
. m  
4) 90 
00-o r -N  
I 
41 
0 
u. 
04 o m  
o a  m m  
F V I  
Nr- 
mr- 
tnd 
t t  
00 
IC + 
m m  
d e  
I 
* V I  
O N  
9 o D  
Fr- 
9r- 
a m  * .  .m 
O N  
0. 
C 
LL: 
d N  
L.19 
r -0 
m -  
.O 
r-9 
4.9 m .  
N O  
I 
N O  
m o  
m -  
h’ r- 
.O 
c m  
0 . .  
W N  - m  
m N  
V I 0  
9r- 
m m  
w 0  
N m  
Nr- m . 4
. .  
m m  
r - m  
O N  
.N 
9 .  
o m  
h m  
N m  
I 
9 m  m 9  
N d  
m N  
r-I- 
9 9  
. .  
2: 
4 N  
0 4  
m 
C 
W IC
c 
r- 
N 
-f 
O C @ C I O  
r( 
Y 
. . .  
o o m  
0 O N N - l  
I l l  
o m  
O h  
m m  
f - 9  
O D 0  o o 4 o m  
3 %  . .  
W 
0 
211 
d 
0 
U 
h r -  
( P m  
C I P  
m o c  
c r m  * 
y! 9 
I u. 
coot c -  
b 
c 
W 
c r -  
m u 2  
c y i  
r - G -  
0 
V I 9  * m  
c c 0 0 c. I- 
m m  
C 
3 
Lu 
- r -  
N r n  
9 m  
m o a  
M 0 .  
m . 
d d  
. m  
c c , c  oorr 
N 
3 
Y' 
1 I : L  9 C  * d  
* d  
Lp.r 
Fcr 
a?c m r -  
. .  
4.4 
I 
c *  
a m  
do. 
crx  
.or- u m  * .  
0 0 1  
O N  
o. 
0 
W 
N 9  m c  - c  
9 C  
.O 
+ *  
- 5  
L P .  
N t  
I 
* d  
d .  
C @ O C ! 4 - C  
* 
0 
I 
O C N N G S  
I l l  
* N  
N N  o m  
m d  
r -9  r - m  
o r -  
N .  
G O O O * r n  
I I 
m * 9 +  
r r c l r - m  
d r n r ( d  
0 * 9 m  m m r r o  
O O r - I c  
A" 0 N 
C O " N *  
I l l  
. . . .  
* h  
or- 
m d  
9 9  
Nrn 
LFC 
mr- 
-3 
. .  
I 
- *  
o u  
Ice 
rnN 
90: 
0 . m  * .  * m  
O N  
m 
0 
Y 
m m  
h a  
F C  
.O 
r - IC  
d *  
V I .  
N O  
m m  
9 m  
e a 0  
N U  
r . 9  . m  
C O O V C r r  
a *  
* O  
F.0 
*r-  
r n N  
.O 
* W  
N O  
O O O O N ~  
I 1  
- - * I -  * * - -  
m r - m u ,  o r - m -  . . .u 
"..IN c 0 M N N N 
I l l  
o r - c m  
 am^ 
h' u 
In9 
-s 
* M  
* O  
m h  
I 
m c  . .  
d d  
m o  
D N  
L p *  rnm 
9 Q  
@.a3 * .  
r e  
O N  
m 
0 
W 
a m  
rro 
N 9  
00 
.O 
h 9  
N O  
1 
z :  
m * 
OD 
r- 
01 
m 
N 
d 
0 
0 
9 
212 
0 m o  
0 m m  o m h l  
VI o m  
n m e  
m 
r- 0.9 . .e 
O O r r C 5 Y  
I 
m 
0 
0 m o  
0 a m  
0 o m  m r-.n 
I 
5 
0 
W 
O N 9 0 r -  i 3 9 m * o .  
a m o m m  
r - m . .  . 
o - t s m s  
r - 4 m m O .  
* N O O N  - .m010 
N O ~ , " N O  
0 09 
0 o m  
0 09 m r-r- 
m 9 .  
t- acl .~ . .I- 
m * m  
00d001N 
I 
orr b N  
09 0 0 1  
O m  Nlc 
0 .  9 9  
. m  r 9  
O d  N h  
r- m m  
m . r-m .VI 
0 0 H O @ N  
I 
m 
0 
r. -- 
REFERENCES 
1. Hansen, G. L. ; and Heuter, H. H. : Centaur F l i g h t  Evaluation Report. Ve- 
h i c l e  F1 Rept. No. AE62-0421, General Dynamics/Astronautics, June 6, 1962. 
2. Roder, Hans M..; and Goodwin, Robert D.: Provisional Thermodynamic Functions 
f o r  Para-Hydrogen. Rept. No. TN-130, NBS, Dec. 1961. 
3. Powers, Carol S. : Prec is ion  Determination of Vacuum Spec i f i c  Impulse from 
Tra jec tory  Data. B a l l i s t i c  Missile and Space Technology, Vol .  11, 
D. P. LeGalley, ed., Academic Press, Inc., 1960, pp. 111-126. 
1 4. Kaufman, Albert: Performance of Electrical-Resistance S t r a i n  Gages a t  C r y -  
~ 
ogenic Temperatures. NASA TN D-1663, 1963. 
5. Kordes, Eldon E.; Tuovila, Weimer J.; and Guy,  Lawrence D. : F l u t t e r  Re- 
search  and Skin Panels. NASA TN D-451, 1960. 
6. Guy, L. D. ; and Dixon, S. C. : A Critical R e v i e w  of Experiment and Theory 
Paper Presented at  AFOSR f o r  F l u t t e r  of Aerodynamically Heated Panels. 
(Penn. ), Oct. 29-31, 1962. 
1 and GE Symposium on Dynamics of Manned L i f t i ng  Planetary Entry, Phila.  
7. Greenspon, J. E.; and Goldman, R. L. : F l u t t e r  of Thin Panels a t  Subsonic 
and Supersonic Speeds. Rept. No. TR 57-65, Office Sci. Res., Nov. 1957. , 
213 
“The n~rn,vn?itjrg! *cd jhnre nrthr;t;rr cf ?h: CT,yii<d St_r;n: :.-!/ $2 
conducted so as to contribute . . . !o the expansion of hitman knoud- 
Th< .<&?ini:!r&:: 
shall provide jor  the widest practicable and appropriate dissemination 
of information concerning its activities and the results thereof.” 
r - -  - - - - - . - * - -  
PdOP of phPnnmPnr it? the  (rtn?nsphrre .?,vd :pccc. 
-NATIONAL AERONAUTICS AND SPACE ACT OF 1958 
TECHNICAL REPORTS: 
important, complete, and a lasting contribution to existing knowledge. 
TECHNICAL NOTES: 
of importance as a contribution to existing knowledge. 
TECHNICAL MEMORANDUMS: Infermation receiving !imited distri- 
bution because of preliminary data, security classification, or other reasons. 
CONTRACTOR REPORTS: Technical information generated in con- 
nection with a NASA contract or grant and released under NASA auspices. 
TECHNICAL TRANSLATIONS: Information published in a foreign 
language considered to merit NASA distribution in English. 
TECHNICAL REPRINTS: Information derived from NASA activities 
arid initially published i n  the form of journal arricies. 
Scientific and technical information considered 
Information less broad in scope but nevertheless 
SPECIAL. PUBLICATIONS: Information derived from or of value to 
NASA activities but not necessarily reporting the results of individual 
NASA-programmed scientific efforts. Publications include conference 
proceedings, monographs, data compilations, handbooks, sourcebooks, 
and special bibliographies. 
Details on the availability of these publications may be obtained from: 
SCIENTIFIC AND TECHNICAL INFORMATION DIVISION 
N ATI 0 N A L A E RON A UT I CS AN D SPACE A D M  I N I ST RAT I 0 N 
Washington, D.C. PO546 
